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. . + other is due the slight damage to the shipping bound from contact with the earth and, after 
Destructive Wind-Storm mn Cleveland, and the waterfront. The other circumstance is passing over several blocks with slight dam 
Ohio. that the path of greatest damage, which is nar- ige or none, drop down and again destroy. 

By GEORGE H. TINKER.* row, and on an almost straight line through storm was apparently of the 

On April 21, 1909, a wind blowing 66 mi. per the southern and eastern parts of the city, nado. An eye witness 
hr. did a large amount of damage in Cleveland, reaches the lake far to the east of the harbor. storm reports that the 
©. Eight persons were killed and SO to 100 more This strip of greatest destruction is only 500 or volving. Houses were 
or less severely injured; 


nature of 

not in the path 

clouds seemed to } - 
wrenched from their 

foundations, and the roofs 

many buildings were iL. ; nay - ; : ‘ lifted 


and dropped back 


wrecked, the property in Some cases crushing 
damage probably ind overthrowing — the 
umounting to S506,000 o1 supporting walls (see Fig 
more, - ' ' !, this page, and Fig. 4 
The storm, in its inten- next page) The 
sity, was local, and ap- story walls of 
peared to be caused by tional Safe 
the meeting of two ; | building 
storms. After a mild opposit 
thunderstorm and a wind- internal 
storm lasting through the This is char 
forenoon, during which tornados 
the wind velocity rose to Six ore unloading 
13 mi. per hr., the wind | . ‘8 . : bridges were blown down 
dropped to 20 mi. per , a } . ah At the Wellman-Seaver 


hr.; then at 12.33 p. m. , » ewan : : “ Morgan works the run- 
it suddenly rose to a 66- ae at ° a e Me} way of an overhead cran 
mile hurricane. This ’ * ; ; aoa oe was so distorted that. the 
continued for five min- | ; ba = | crane could not be used 
utes, during which time | fee) Wires and poles” were 
all the damage was done. wrecked, blocking the 


The small loss of life is | ; . , : . streets and tying up 
due in part to the fact . 7 a en . about half the street car 
that many build- lines in the city. 

ings which suffered se- a: t: Barracks and Kinsman Ice Cream Co. Roof Lifted and Dropped. Walls Some thirty churches 
verely, such as_ school Thrown Down. were damaged High 











Fig. 2. National Safe & Lock Co. Opposite Walls Biown Out Fig. 3. Cleveland Cooperative Stove Co. Part of Brick-Wall and 


Timber-Roof Shop Building Wrecked. 

BUILDINGS DAMAGED BY TORNADO-LIKE STORM AT CLEVELAND, O., APRIL 21, 1909. 
houses and factories, were unoccupied at the 600 yds. wide, although the limits of damag« brick steeples vere blown down ind broke 
noon hour. will cover the entire city and some _ notable through the roofs Many school houses were 
The direction of the wind was from south- wrecks occurred miles to one side or the othe: partly unroofed or 
west to northeast, and to this fact and one of this path. 


damaged by falling chimneys 
Giant trees were uprooted and many monuments 
*Bridge Engineer, New York, Chicago & St. Louis Not all the buildings along the path _ indi- in the Woodland cemetery wrecked. 


Ry., Cleveland, Ohio. cated were damaged. The wind seemed to re- Soth St. bridge crossing Kingsbury 
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standing nearly at right angles to the direction 
of the wind was the scene of many personal in- 
juries. Pedestrians were pinned against the 
tiling and wagons overturned. Fortunately the 
railing did not give way and the most serious 
njury consisted of broken bones. 

The heaviest single loser is probably the Leisy 
Brewing Co., their damage being $100,000. Other 
manufacturing plants suffering heavy loss are 
the Wellman-Seaver-Morgan Co., Standard Tool 


The business of the Tehuantepec line, although much 
larger in its value than that of the Panama route, was 
confined almost exclusively to business between the 
eastern and western ports of the United States, includ- 
ing, however, in this term the Hawaiian Islands, which 
are now a customs district of the United States. Of 
the 21 million dollars’ worth of merchandise received 
at the Pacific terminus of the Tehuantepec road and 
moved eastwardly, 17% million dollars’ worth was from 
Hawaii, being almost exclusively sugar. 


New York and San Francisco are the chief centers 





FIG. 4. A FRAME DWELLING-HOUSE RACKED 


Co., National Safe & Lock Co., Cleveland Co- 
perative Stove Co., Kinsman Ice Cream Co., 
Cleveland Frog & Crossing Co., Cleveland Fur- 
nace Co., Erie Railroad, Baltimore & Ohio Rail- 
road and others. Many dwelling houses in the 
path of greatest destruction are totally wrecked, 
the salvage being mostly kindling wood. 


rr 


Statistics of Traffic Across the Central 
American Isthmus.* 


Traffic between the eastern and western coasts of the 
United States by way of Isthmus railways and steam- 
hip lines amounted to practically 50 million dollars in 
value in 1908, a marked increase over any earlier year. 





Two railway lines now carry freights across the nar- 
row neck of land connecting North and South America. 
One of these railways, that of Panama, is 40 miles in 
length; the other, at Tehuantepec, 190 miles. The one 
at Panama, owned by the Government, is, of course, 
largely devoted to work and traffic growing out of the 
construction of the Panama Canal; the one at Tehuan- 
tepec, 190 miles in length, constructed chiefly with Brit- 
ish capital and controlled in part at least by the Mex- 
ican Government, is built especially for the purpose of 
handling freights between the Atlantic and Pacific, and, 
although opened only at the beginning of 1907, car- 
ried during 1907 and 1908 between 60 and 70 million 
dollars’ worth of merchandise passing between the At- 
lantic and Pacific ports of the United States. 

Of the merchandise crossing by way of the Panama 
Railway, 8% million dollars’ worth moved from the 
Atlantic to the Pacific, and only a little over 1 million 
dollars’ worth from the Pacific to the Atlantic. Of the 
S12 millions crossing from the Atlantic side to the 
Pacific coast by the Panama line, 2% millions was 
destined to the western ports of the United States, and 
5% millions to foreign countries located upon the Pacific 
coast of North and South America, a little over 1- 
million dollars’ worth going to Ecuador; nearly 1 mil 
lion to Peru; nearly a million to Salvador; three- 
fourths million to Panama; nearly one-half million each 
to Honduras and Nicaragua; one-third million each 
to Colombia and the western coast of Mexico. Of the 
2%, millions from the eastern to the western coast by 
way of Panama, practically all originated at New York 
and nearly all was sent to San Francisco. The east 
bound merchandise passing through Panama amounted 
to a little more than 1 million dollars and was shipped 
exclusively from San Francisco, all of it to New York 
City 





*From a Bulletin of the Department of Commerce and 
Lab 


AND ROOF CRUSHED, IN CLEVELAND STORM. 


for this ocean and trans-Isthmian traffic between the 
eastern and western coasts of the United States. Of 
the 2% million dollars’ worth of domestic traffic pass- 
ing westwardly over the Panama line, practically all 
originated at New York and 2% million dollars’ worth 
of it went to San Francisco. Of the 5% million dollars’ 


at San Francisco and about 3 million dollars’ worth 
was destined for New York. 

The distances between New York and San Francisco 
by the two lines are, via Panama, 5,305 miles; via 
Tehuantepec, 4,415 miles; direct by shortest trans- 
continental railway line, 3,191 miles, and by way of Ma- 
gellan Straits, 13,089 miles. From the Hawaiian Islands 
to New York the distances are, by way of San Fran- 
cisco, 5,288 miles; by way of Tehuantepec, 5,806 miles; 
by way of Panama, 6,686 miles, and by way of Ma- 
gellan Straits, 13,269 miles. 





Storage-Battery Railway Cars: Prussian State 


Railways. 
By J. B. VAN BRUSSEL.* 

Storage-battery motor cars were put into ser- 
vice on the Prussian State Railways some 18 
months ago, as noted in Engineering News, Aug. 
22, 1907. The result of the first year of oper- 
ation was so satisfactory that 57 double-unit 
cars, of an entirely new pattern, were ordered. 
These cars are for use in supplementing the 
heavy express service by connecting outlying 
districts with stations at which express trains 
stop, for suburban service and where the traffic 
is not sufficient to warrant steam service. 

The new double units, shown in the accom 
panying figure, consist of two four-wheeled 
cars coupled together. Each half unit carries its 
storage battery in a shallow compartment, like 
an automobile hood, projecting beyond the 
driver’s cabin. This disposition of the cells has 
been found preferable to that on the earlier type 
of car, where the cells are placed under the 
seats. It was found impossible to prevent some 
damage to the car fittings and discomfort to 
the passengers by the fumes from the acid. Each 
of the new double cars can carry 100 persons, 
some standing. Entrance to each half is through 
the driver’s cabin. 

Each half unit carries a single interpole series 
motor rated at 50 HP. on a ten-hour basis and 
at SO HP. for two hours. The control is series 
parallel, from either half unit, for both motors. 
The battery consists of 168 cells, 84 in each 
hood. The groups are connected in series so that 




















STORAGE BATTERY MOTOR CAR; PRUSSIAN STATE RYS. 


worth destined for foreign countries on the Pacific front- 
age of North, Central and South America practically 
all originated at New York. Of the 16% million dol- 
lars’ worth passing westwardly over the Tehuantepec 
line practically all originated at New York. Of the 17% 
million dollars’ worth of sugar from Hawaii crossing 
the Tehuantepec line for the Atlantic front, practically 
all went to the refineries of Philadelphia and New York, 
chiefly the latter. Of the nearly 3% million dollars’ 
worth of miscellaneous merchandise passing over the 
western coast ports to those of the east by way of the 
Tehuantepec line, 3 million dollars’ worth originated 





the minimum motor voltage is 310. The battery 
has a capacity of 368 ampere-hours, allowing a 
minimum running distance of 100 kilometers (62 
miles) on one charge. A maximum speed of 50 
kilometers per hour (31 mi. per hr.) can be 
reached on level track. The cars have air- 
brakes, for which a single compressor is in- 
stalled on each double unit. The total weight 
of the complete motor car is about 55 tons. 


*Boite Postal 151, Brussels, Belgium, 
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The Design of Cable Stations for River design that the operator can work with compar- for the loaded ible, and 
ative comfort, and light enough to be easily pro- uw & 
Measurements. pelled by hand by pulling on the cable. The Tos (2) 
By J. C. STEVENS.* open-bottom car has decided advantages over Ss 
The Water Resources Branch of the U. S. Geo other styles. Fig. 1 shows the standard design for the unloaded cable 
logical Survey maintains a large number of adopted in the Columbia River District Its In equation (1) the tension ken as 1/5 the 
river-gaging stations where cables are required. operation is well shown in Fig. 2. breaking strain. For any given load, P. tables 
The list of “cable stations’ is being continually TOWERS.—From an economical standpoint the or diagrams of sags. for stock sizes of cables can 
idded to, not only by the government but by towers should be low enough to admit of their be prepared For the purposes herein discussed 
’ construction from. single the live load is taken as 500 Ibs Table I. gives 
¢ lengths of timber. The the sags for stock sizes of plow-steel standing 
| ~ =) 4 simplest and cheapest rope with 6 strands of 7 wires each (Amer 
d G \. ; ft tower is the A-frame can Steel & Wire Co. Catalog.) 
ett . , ’ ie or “enear-iege" made = The erection sag is found by considering the 
‘ Ho : 4 " t x om. timbers of effect on the cable when the load is removed 
i pw § the required length, When loaded the cable is assumed to hang in 
= E. 4 \ crossed near their top, two parabolic ares When the load is removed 
‘ia J a mortised and bolted to- the cable assumes the shape of a single para 
- f gether. This construc bolic are which of itself lessens the sag. At th 
/ \ tion will answer for same time the tension is decreased, which short 
i , towers up to 20 ft. in ens the cable, thus tending to still further reduce 
Cc height The bottom of the sag. But the cable cannot shorten the entire 
the legs should be fast amount represented by the decrease of tension 
ae: 3% wt * bi k ened to a level mud sill due to removal of the load, for-where the sag is 
> Ory M by means of lag screws small a very slight change in length decreases 
—Y. 23 The cable rests in the the sag and increases the tension at a very rapid 
s forks of the timbers rate. Thus, we may assume that the sag, &, is 
Side Elevation End Elevation. without other bearing reached in two steps: (1) the cable reaches 
than on wood. some intermediate sags, &, say, due to change in 
, ? DESIGN OF CABLE form from two ares to a single parabolic are 
A The high-water stage assuming the length to remain constant; (2) the 
2 5 determines the lowest sag changes from s: to 8, due to change in 
“ point to which the cable length of cable. 
B v soap eed nlaaener iter Let & intermediate sag due to removal of 
| it must be high : ; 
y seoudgh to sénit of load, assuming length of cable con- 
5 ” : measurements being eS =o. P - 
‘3 wide even thik ke Ts horizontal component of tension cor 
Plan est flood, and also to be siecle ee weailos , 
: ; , ? ( length of the two chords A B+ A' B 
FIG. 1. DETAILS OF CABLE CAR FOR STREAM GAGING STATION out of the way of (See Fig. 3) 
WATER RESOURCES BRANCH, U. S. GEOLOGICAL SURVEY, CO drift when not in use. os enh of the cin tie tee tm a Se 
LUMBIA RIVER DISTRICT. If the stream is navi- 7 (See Fie. 3) 
No. of Index No. of Index gable legal requirements ; 
ie Materials. , letter. pieces. ‘ Fa peer gt mn letter. will determine the point Evidently 
3 4s” a ie e ro bent obra pecs see M to which the cable can w s 7; 
rd Walch le enkin a Oi gars B 2 2%" x %” bolts, with coffer hang. Sa eomiiniad Oey ee Ree : (3) 
2 sides of bed.. Cc pins, for 10’’ sheaves...... aa : . 
2 ’ ends of bed.. D 6 24" »« 4” bolts for spacing The requirements of a 32 T 4 T 
: zm Por yes 7 la . ‘ “are CAS ge game minimum sag to admit : 
12” x29 6’ (exact) top spac- hanger geieeia ents reer aed of easy operation of the also ( Vi Pe Bene scn. C0860 die ages wes 
MME NE Skies EGA acaate sane ae $ 510" 33° bolts for main car, as well as to render The length of the cable without the load but 
2 2 a” = Lepnediemerent - ‘ Weg helts fur toot reat tower construction as under the same tension as when loaded would be 
> 10°° x 1% ’’ rope sheave, oo hanger .. ae Ree a RS as cheap as possible, are Ss? 
2 3" mera < 3%" rope sheave K i. a Ga oe ee best fulfilled by the use t=é+ Pte eee ee ee eee eee cere eee wees (5) 
2 1%” x %” x IF 10” steal sheaves eee aan of  plow-steel standing 3d 
hangers—bent ........0s0. I. 2 — rope fasteners with rope with 6 strands of 7 
ree hoe ‘ wires each, since this 
power and irrigation companies and by others cable combines the lightest weight with the 
who wish to maintain continual records of the greatest strength and the lowest. cost. The 
flow of certain streams. Such a determination galvanized cables are preferable and can be se- 
of course requires that actual measurements of cured at a slight increase in cost over the 3 
discharge be made at different stages of the hina. cables. | 
stream. For such a “rating’’ the current meter The problem consists of selecting a size of 
has been found to be the cheapest and most apie to fulfill the required conditions of sag, 
effective method. Its use requires facilities for and of finding the erection sag—i. e., the point 
the operator to measure depths and determine to which the cable should be drawn without load 
velocities at all points in the cross section of so that when loaded the allowable sag and ten- 
the stream. Wherever bridges are found coin- nian wilt: iat be amuactad: 
cident with the requisite conditions they are, of 
course, utilized, but where they are not avail- Let d distance between supports or the span 
able it is necessary to construct a gaging bridge l length of cable 
or install a cable station. 8 sag of the loaded cable 
The proper design of a cable station involves So sag of the unloaded cable 
some of the principles that have been discussed live load 
in recent publications concerning catenary trol- weight of cable per foot of length 
ley construction.; In both instances the sag is r horizontal component of tension in the 
small compared with the span, but cable-station loaded cable 
design deals with concentrated live loads while T horizontal component of tension in 
only dead loads are considered in the case of unloaded cable 
catenary trolley construction. As the method of a area of cross section of cable 
treatment and formulas deduced will be applica- bh coefficient of elasticity of cable 
ble to many other lines of work where cables Where the ratio of sag to span is small, as in 
are used the results of study in this direction the present case, it is sufficiently accurate to as- 
will not be out of place. sume horizontal loading of the cable, with the 
The equipment for a cable station consists of consequent assumption that the cable hangs in 
the towers, a traveling car, the cable, a turn- a parabolic are rather than a catenary. 
buckle and the necessary anchorages and cable By taking moments at one of the supports (see 
clamps. Fig. 3) we find the following equations 
CARS.—tThe traveling car should be of such oe Pe iieamaal 
Mine haan neers tare Ts LOCOCO c6eses weeeeQ1) Fig. 2. Cable Car for Gaging Stations, U. S. 
‘Eng. News, Oct. 22, 1908. Proc. Am. Soc. C. E g 4 Geological Survey. 
Sept., 1908. 
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Also the length of the loaded cable which hangs 


in two ares 18 
8 #27 
ie ( . (6) 
> ¢ 
Substituting the value of S in equation (3) and 
7 
calling r for convenience equation (6) be- 
1 
comes 
SN } 
! ( (i) 
Oe 
\ a 


Fig. 3. Dtagram Illustrating Computations of Sag 


in Loaded Cable. 
Now equate (7) and (5) and solve for si and we 
have 
Ged ¢ d) 
s 
16 ra 
but c d peers oe 8 . (4) 
} <* reo 
whence Cc d (approximately). 


ct+d d 


We may place ¢ d where their products 


are 


taken and also call them equal in the denomi- 
nator of the above expression without appre 
ciable error, hence we find 
e 
8 s \ .(8) 
1G } 
For r 0 in this expression § 87.8 and for 
? 1. s S898. In fact s: may be taken as .878 
without more than 3% error in all cases of this 


is 


equivalent to 





loaded cable hangs in two chords instead of two 
ircs The error is greatest for light loads on 
heavy cables 

For practical purposes it is sufficient to say 
therefore 

8 O.87 s.. ere ee (9) 

Equation (9) states that the sag of the cable 
without the load is 7% of the sag with the load, 
provided the length of the cable remains con 
Stant. 

The next step is that of finding the further re 
duction in the sag from the shortening of the ca- 
ble by reason of the decrease in tension due to re 
moval of load. The cable comes to rest at a sag 
of & .and a corresponding tension 7., unknown 
but somewhat greater than 7). (See Fig. 3.) 

The shortening of the cable is 

(7 T.)d 
] (10) 
ak 

Now let t the increment in sag due to l 
and we have 

8 (81 — v)? 


or by subtracting (5), 





S(2ar t*) 
Al (11). 
3d 
Equating (10) and (11), 
3A 
(s r) (1 T.) 4 
Sak 
but (s ry) is the net sag or Se, hence 
38 
80 \ s & ¥ | ere ers re 


Sak 
An of for 
standing rope will reveal the following very ap- 


examination the tables plow-steel 


proximate relations 


FP = 22,000 Ibs. per sq. in. of cross-section. 
w 2 lbs. per sq. in. of cross-section 


Hence, 


T 11.000 1, 




















TABLE II.—ERECTION SAG IN FEET FOR CABLES. 
"low-stee tanding rope, 6 strands of 7 wires each for concentrated live load of 500 Ibs.) 
~ — —-- —- - Diameter of Cable, ins.——-——— —- ~—- — 
- 2 */16_ 5 AN /46 % % 1 
Spar Ten Ten- Ter Ten- Ten Ten 
ft Sag sion sion Sag Sag sion Sag. sion ag sion 
i100 0.80 780 1,900 0.24 0.19 AS00 0.15 10,000 0.18 14,200 
200 2.40 1,080 2.000 1.05 O79 5,600 0.62 0.53 14,900 
300 if 4.40 1,280 2,200 2.35 1.SS 1.47 1.26 
400 9.05 S60 6.60 1,500 3.85 3.16 2.60 2.27 
OO 12.06 1,000 9.15 1,700 6.00 5.05 4.12 3.62 18.600 
600 15.40 1,140 23 1,800 8.10 $200) 7.10 5.600 5. 20 13,600 
SO 22.60 1,380 18.8 2,100 18.5 4,44) 12.0 5.400 10.3 9.20 18,700 
1,000 30.70 1,580 25.6 2,400 10.7 $704) 17.9 6,200 15.7 14.2 13,800 
and the ferryboat. Stretch ordinary telephone wire 
u of a length at least three times the width of the 
a stream, along one bank at the wa s edge, and 
4 ip-stream from the cable site The upper end 
Taking EF 22,006,000 (see Eng. News, Oct. 22, s fastened or held by an assistant while the 
1908) and substituting the above values, and ower end is fastened to a 2-in. by 6-in. timber, 
equations (2) and (9) in equation (12), it reduces 14 or 16 ft. long. The timber is fastened with 
to a yoke to the wire so as to float at a decided 
so + (0003875 d 10 $8 000,000,004, 25d". (13). angle to the current Another wire long enough 
-_ : ; : a to reach well across the stream is fas : 
The value of s is taken from Table I. and for ; na oss tream is fastened to 
i “ : the timber : tl sable site, t ti y is s 
any given span and cable (15) reduces to sim , : : , . pescesy 4 - imber is set 
e ts ire aoe ‘float anc > wire laye out as ft > 
pler form. Thus for a 5<-in. cable and 300-ft . and tn played se a the» timber 
travels across the stream, swinging in an are 
span it becomes F ; 
or oe around the point where the long wire is held or 
s t 503 So 36.1, 


Which can readily be 














solved by trial giving 





fastened. With a line across the stream 


the 


rest 


is easy 


















s 3.20 tt. 
The value of § with the load of 300 Ibs. was 6.55 
ft TABLE 1.—SAGS IN FEET FOR LOADED CABLES. 
Table II. has been prepared by the solution ot (Plow-steel standing rope 6 strands, of 7 wires each, 
equation (13) giving the erection sags for the for concentrated live load of 500 Ibs. 

‘ables and spans given in Table I., together with oe —Diameter o Sable, ins.— woe 
abl 1 sj n Table L., t th tt D t f Cabl i ‘ 
e % o), % 11 3 7 

t > ft sions rrespor 2g 85 i . at . = 16 ‘8 16 4 8 1 
he tensio rr I onding to , in order that Span, Sra Tension of Cable in lbs. ————— 
the strength of hoisting tackle may be known ft 4,400 8.400 89,600 12.800 16.800 
r - » im hath tahlos are al a aisle nae 100 2 95 1.60 1.42 1.10 0.86 
The values in both tables are shown diagrammati- 200 613 2 49 804 ° 49 1 a5 
cally in Fig. 4. 300 9.50 5.47 4.94 soo 646835 
"RECTION OF C eae 400 13.12 7.74 G87 5.7 483 
ERE TION ! CABLES.—The erection of 50 16.97 1025 9/40 720 662 
‘able stations frequently calls for some _ in- 600 21.05 13.00 11.97 10.10 8.66 
renvity th ar f the engine e of . 800 29.80 22.00 19.10 17.80 15.30 13.40 
genuity on he part of the engineer. One of the 1.000 a0 5 29'8 28 1 04 6 o1s 191] 
most efficient hoisting devices is the ordinary 2.000 101.3 82.2 74.5 71.8 66.4 61.6 
differential chain block 
Where such a tT x j 
not -available Re f 
buckle can be u 
good advantage t T > 
repeated fastenin an , 
quire considerable time 
By the following very 3¢ 
simple method tv met ‘ / 
imp ; \ j 20 of 7 
with 1 sma four-p \ j 
block and tackle can erect \ 26 fy 
1 cable of 500 to 600 f \ g 
: \ 26 fy j / A 
in span: Make the cable c Yf / 
a P- Vv , 
permanently fast at one +24) 2 / 
v v 
of the anchorages Rais " rt f N 
ff the anchorag Raise Erection ge Ljiwe toee y 
the support on the same Sags _ Saqs Q / 
side of the stream and C ag ae) Li-J Mi & 
brace it in position with ‘ ¢ re 
the cable in place. Then ome? f pw | Tix 
from the other side of O46 y / 19, 1/ 4 
the stream draw the ff 
ible as tight as possi- ae: ou P j 
’ 2 _ . 8) f f 
ble with the small block 2 fif-f Bg 
and tackle and fasten it / J 
emporarily through one tf / pf 
eve of the turnbuckle, 
: X 6 ps ramet 
the other eye being a 
fastened to the anchor- QQ XN ff 
¥ WARK 
ige. Now lay the “shear po Sey aS f 
— eM” ES a 
leg on the ground \ oN 
underneath the cable = ~~ 
with the fork which is | ' 
) carry the cable point- ) 90 600 7 GO 50 40 BH 2 0 WO 20 30 400 500 GOD 7 8 WD 
ng toward the river Span ‘is Feet 
ind in such a_ positior FIG. 4. DIAGRAMS FOR DESIGN OF CABLES FOR STREAM GAG- 
tha when tha nd is ING STATION, U. S. GEOLOGICAL SURVEY. 
raised, the support wi (For plow-steel standing rope, 6 strands of 7 wires each, designed for concen 
be in position and the trated load of 500 Ibs. per sq. in. at center of span.) 
ible will fall into place and be raised with it. BRILL MEMORIAL MEDAL AND PRIZE.—In the fall 
The support can now be raised with the block of 1998 The J. G. Brill Co., of Philadelphia, published 
ind tackle by pulling over an auxiliary pair of in offer, to senior students in the technical schools of 
lightly constructed ‘‘shear-legs.’””’ As the sup he United States, of three prizes of $250, $150 and $100, 
port 1 tl ible will be raised and tightened for essays on the subject ‘Design of an Electric-Rail- 
} I ises the ( Wie Vial e tise « if C Cu. 
onve , . ; ce way Car for City Service.’’ In view of the interest 
The ible is then adjusted to the proper sag by 9 ? 


turnbuckle. 
he 


means of the 
The 


frequently 


laying of t cab 


i perplexing p 


is 


the stream 
roblem, especially where 


} i » 
le across 


the stream is too swift for a boat or where one 
is not available One method the writer has 
used with good success utilized the principle of 


shown by the students and by the electric-railway men, 
the Brill has announced that 
prize will be accompanied by a gold medal in 
memory of John A. Brill, former Vice-President of the 
company. It is the intention of the Brill company to 
offer annually these prizes for essays of merit on sub- 
connected with electric-railway work. 


the president of 


the first 


company 
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The Improvement of the Upper Mississippi 


By C. McD. TOWNSEND, 
The works constructed 
afford excellent illustrations 
of many of the problems that arise in the improvement 
of non-tidal rivers. The 
Rapids have been surmounted 
the Rock Island Rapids 
through the rock composing 
the slopes modified by submerged dams and wing dams 
as effectively as in the 
Iron Gate on the Danube. 


Paul to Lake Pepin 


regulation of a river by wing dams and bank revetments 
as can be found on any 
been constructed which 
acres of alluvial bottor 
from ice and storms have 


As the river and harbor 


ject for improving this 
of the fiscal year ending June 
able time to sum up the 


project 
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Minn., to the mouth 
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was not frozen over! 
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necessary t 


its course, and with 
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The stretch of river from St 


of 1907 enlarged the pro 


986 « 


Foot of Robinson's 


or flood stage the alluvial valley contains numerous 





islands through which the main channel of the river 
winds, but loses considerable of its energy by the draft 
into the side channels. In its unimproved condition bars 
frequently formed in the channel having depths on their 
crests of less than 1% ft. below low water. The chan 
nel was also obstructed by snags, boulders and ridges of 
rock extending across the river The most noted of 
these rock ridges form the Rock Island rapids and Des 
Moines rapids 

Due to the limited appropriations by Congress and 
the irregularity with which they have been made, the 
systematic method of improvement adopted on many for 
eign rivers could not be applied to the upper Mississippi. 
It has been nec:ssary to distribute the funds available 
over the entire district, first improving those bars having 
the least depth of water on them, and when these have 
disappeared, regulating the next shoalest birs This 
process has been continued until at the present time 
bars restricting the channel to depths of less than $'% 
ft. are seldom found. 

When a partial improvement of the river is attempted 
and the channel contracted over a single bar, there is 
usually a large movement of sand, which has a tendency 
to be deposited in the first wide portion of the river 


below, and which may form an obstruction as serious 


~~ 


below Grey Cloud 


mboat Channel of 1879 
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navigation of about 


water discharge during 


of 1864) and 20 ft. above 


been measured at a gage 
to be about 85,000 cu. 
The valley of the upper 


that the minor streams 


boulders of considerable 
remove by 

When the main channel 
on one side of the valley, there is usually found on the 
other side a minor channel 
with the main channel by 
low stages many of these sloughs are dry, but 
before the Western Society 
paper is lengthy 
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of Engineers (Chicago) 
and comprehensive, dealing 
teristics of the upper Mississippi 


works Our abstract, 
character and construction of improvements.—Ed. 
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to navigation as the bar removed This has been par 
ticularly true of the shoal river between St. Paul and 
Prescott, wh re it has been necessary to contract th 
river to a uniform width of 400 ft. for the entire dis 
tance 

Fig. 1 is a portion of a map of the river from St 
Paul to Prescott (27.9 miles), with profiles of thalweg 


depths derived from surveys in 1879 and 1901, wher 
the work was completed The theoretical least depth 
on bars, measured from the low water of 1864, has in 
creased from 1 ft. to 4.3 ft. From Prescott to Lake 


Pepin (26 miles), the river has been improved in a sim 
lar manner, and the least depth on bars at low water 

has been increased from 1.8 ft. to 4.7 ft Due to the 

gentle slope and tho resultant gentle current on this por 

tion of the river, a uniform contraction of the channel 

to the width of 600 ft. prescribed by the original pro 
ct has not as yet become necessary. 

Above St. Paul, navigation is impeded by the Falls of 
St. Anthony and the rapids below them; and the river 
empties into Lake Pepin a_ practically level body of 
water The portion of the Mississippi River between 
St. Paul and Lake Pepin may be considered therefore as 
an ind pendent stream whose improvement has been 
completed in accordance with the original project At- 
tention is invited to the fact that this improvement has 
been accomplished without that dangerous disturbance 
of the original slopes of the river, which has been ob 
served in attempts to regulate numerous European 
streams 

Below Lake Pepin while there are long stretches of 


expenditures thus 
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rapids (mile 34S), 1,000 ft.; from Rock Island to Quincy 
(mile 521), 1200 ft.; from Quincy to Louisiana (mile 
5G7) 1300 ft from Louisiana to the mouth of the Illi- 
nois River (mile 631) 1400 ft.; and from the Illinois 
River to the Missouri 1600 ft. 

rhe works of improvement consisting of bank revet- 


} 


ment, wing dam closing dams and longitudinal dikes, 
are generally constructed of brush and rock 

BANK REVETMENT.—This consists (below the water 
irface at the time of construction) of a mattress of 
brush fascines sunk in place by rip-rap rock; above low 
water line, it consists of riprap of 6 to 12 ins. of rock 
The width of brush mattresses varies from 2 to 60 ft., 
being affected by the stage of the river at time of con 
truction, and the depth of water. The fascines are pre 
erably made of willow brush, which is found in large 


quantities on the islands and sand bars in the river. 


Where there is a local searcity of willows, the use of 
other varieties of wood sufficiently straight to be bound 
into fascines has becn allowed Recent specifications re 
quire that fascines shall be made of live brush  suffi- 
ciently trimmed and choked to form a compact mass 20 
ft. long and from 12 to 15 ins. diam ter, tied with bands 
of lath yarn or wire not more than 4 ft. apart. When 
made into mats they are closely packed and secured at 
distances of 8 to 12 ft. by pairs of binding poles joined 
by ties of lath yarn or wire about 2 ft. apart The 
fascines are laid with their butts pointed down stream 
The early practice was to lay them at right angles to 
the shore line, butts to the bank, but in this position on 
teep banks there was found a tendency of the ston 
covering to slip 

Th mattresses are constructed on small flat boats 
having inclined ways upon them, which are locally known 
as ‘‘grasshoppers.'’ The hull is about 2 ft. deep, 14 to 
22 ft. wide, and 82 to 40 ft. long. On this are placed 
ways or skids running fore and aft, usually four or five 
pieces of seantling rounded and smoothed on the upper 
side. They are given an angle of about 30° with the 
water surface, to facilitate launching the mat, and ex- 
tend over the forward end nearly to the water surface. 
When a length of mat equal to the length of the ways 
has been constructed, the boat is dropped down the river 
a distance of about 20 ft., a corresponding length of the 
mattress sliding into the water. Another row of fascines 
is then added, lapping the preceding row by from 4 ft. 
to 10 ft In this manner a continuous mattress is con- 
tructed along the bank to be protected. It has been 
found advisable to employ small binding poles, to give 
greater flexibility to the mat. In some portions of the 


river three or four good-s 





d willow brush are substi- 
tuted for the binding pole, with advantageous results 
The necessity of flexibility in the mat is not only to 
prevent rupture while inking, but it is found that as 
soon as the mat is in place the river currents produce 
a scour at the toe of the mat. Unless it is sufficiently 
flexible to conform to this scour, it is undermined and 
slips farther into the river, producing a break in the re- 
vetment at the water surfa¢ 

The upper bank is graded to a slope of from 1 on 1% 
to 1 on 3 before the riprap is placed. In the upper 
portions of the river, where the banks are low, the work 

done by manual labor In the vicinity of the mouth 
of the Missouri, where the banks are higher and more 


indy, economic results have been obtained by the use 
of a drag scraper operated by the steam engine on a pile- 
driver It has been the practice on certain portions of 
the river to sink the mattress one season and allow the 
river itself to grade the upper bank during the next 
flood, and complete the work another season. This 
method of procedure is economical, provided the comple- 
tion of the work be not too long delayed. 

WING DAMS.—These are constructed for the purpose 
of contracting the width of the river at low stages (see 
Fig. 2) It was originally proposed to construct the 
dams in accordance with the practice of German rivers, 
giving them an inclination of 105° to 110° up stream in 
traight reaches, 100° to 102%° on coneave banks, and 
90° to 100° on convex banks; so locating them that their 
axes intersect in the middle of the channel. They were 

7 of channel width in straight reaches, 
half the channel width on concave banks, and on convex 
banks the width of the channel. While in general this 


to be spaced at 5 


plan has been adopted, there have been numerous ex- 
ceptions, particularly in the spacing of the dams, due 
principally to economic considerations The heights to 
which the dams gave been constructed are also variable. 
The present practice is to build them to a grade 4 ft. 
above low water on the upper portion of the river and 
6 ft. above low water below the Des Moines rapids. 

In their construction a mattress containing a single 
layer of brush fascines, bound with three sets of binding 
poles, is first sunk the entire length of the dam, to pre- 
vent scour during the process of construction and to 
erve as an apron to receive the flow over the dam. This 


is covered with layer of riprap rock about 6 ins. thick 


on the upper side and 12 to 18 ins. on the lower side 
4 second mat is sunk on this riprap from 10 to 15 ft. 
urther up stream and covered with stone Additional 
mats are similarly placed and covered until the required 
grade is attained, each mat being placed 2 ft. further 





of several layers of fascines. 


1d depth of water, 
ttached to the binding poles 


fastened on the building boat. 


and dumping the load o 


and the lines used 
th n removed, having been originally attached 


tructed from tilting ways on the building 
of from a ‘‘grasshopper.’ 


handling by hand (if necessary) the anchor lines and the 
lines extending to the stone barge. 

The tilting ways are made of 18-ft. oak timbers, 
apart and securely 


a heavy strap hinge. 
near the bottom of the boat, when 
timbers to a pulley on 
pair of triple blocks, 


the drum of one of the steam 
After the mat has been constructed, by wind- 


~These are employed to close chutes 


of water exceeding may exist on the dam. 


ment has recently been made of multiplying the number 
chute so as to diminish the head on each 
the tendency to deposit sediment 
LONGITUDINAL 


approximately at 


PILE AND BRUSH 
the improvement, 


DAMS.—During the first years of 
pile and brush dams were built quite 


usual Manner and 


connected by a stringer at about 3 ft. above low water. 


ing poles and wire. 


thrown on the tips. Due to the small quantity of sedi- 


became so dilapidated that it was necessary to con- 
vert them into ordinary brush and rock dams. 

has been necessary to dredge through gravel 
bars, the material removed has been frequently employed 
as a foundation for dams and topped with regular courses 


built above Lake Pepin with an hydraulic dr: dge 


single course of brush and rock completes 
is about half that of the ordinary brush 
They have usually been put 


intermediate dams of 


a series, and in such a location appear to be as durable 
as the ordinary type. 

The proportion of stone to brush employed in con 
structing the different works has varied. The present 
practice is: for bank revetment, about 1 to 1; for clos- 
ing dams, 1 of rock to 14 of brush; for wing dams, 1 
of rock to 2 of brush. A number of dams have been 
constructed with the ratio of 1 to 4. The repairs to these 
dams have been greater than to those containing a 
larger percentage of rock 

The only marked exception to the methods of work 
is on the section of the river above Alton, where longi 
tudinal dikes have b:en constructed similar to those ou 
the Rhone River, (described by M. H. Girardon in a 
paper on the Regulation of Rivers at Low Water, read 
before the Congress of Inland Navigation in 1894). Thes 
dikes are given an elevation of 3 ft. above low water at 
their centers, which elevation gradually diminishes to 
low water at their ends They are connected by wing 
dams that have the same elevation at their outer ends 
as the dike has at the point of junction, and gradually 
increase to an elevation of 5 ft. above low water at the 
bank. 

These longitudinal dikes were completed in 1897, and 
have since r.ceived only minor repairs. The last survey 
of this section of the river was in 1901, and it is proba- 
ble they had not then produced their full effect. The 
chief objection to thcir employment is their cost. If the 
hannel can be forced against the river bank, the bank 
can be revetted cheaper than an artificial bank can bs 
constructed in midstream The wing dams are essential 
to either method. 

The Des Moines Rapids Canal. 

The Des Moines rapids extend from below Montros¢ 
la., (mile 472), to Keokuk, Ia., 11.4 miles, measured 
between gages. The total fall at low water is 22.65 ft 
The first project for improvement was submitted by 
Lieut. R. E. Lee, Corps -of Engineers, U. S. Army, in 
1837, and contemplateé the improvement of the natural 
channel by the excavating of rock. Prior to the Civil 
War, about $350,000 had been expended on this project 
In 1867, a board of engineers recommended the improve- 
ment of the rapids by the construction of a canal from 
Keokuk to Nashville, la., 7.6 miles; the upper 3.4 miles 
of the rapids to be improved by excavating a channel 
200 ft. wide and 5 ft. b-low the low water of 1864, at 
an estimated cost of $2,530,000. The canal was opened 
for navigation in 1877. 

The canal is 7.6 miles in length and extends along the 
Iowa shore from Keokuk to Nashville. The width proper 
is 300 ft. in cmbankment and 259 ft. in excavation, but 
owing to the irregularity of the shore, it stretches out in 
places to a width of 500 to 600 ft. The maximum depth 
is 8 ft., and the minimum is 5 ft. The fall at low water 
is 18.75 ft. 

There are two lift locks and one guard lock, also 
used as a lift lock at high stages. Each has a lock 
chamber 350 SO ft. The lower lock is at Keokuk, the 
middle lock 244 miles above, and the guard lock at the 
head of the canal, 7.6 miles above the lower lock. The 
lift of the lower lock at low water is 11.09 ft.; of the 
middle lock, S ft., and of the guard lock, 9 ft., at ex 
treme high water. The lock gates are of wood, planked 
originally on the upper face The lower gates of the 
lower lock, which are the heaviest, weigh 110,000 Ibs 
each. The gates close on miter sills and are suspended 
by means of heavy iron stay rods attached by swivels 
fastened to the tops of iron columns on the lock walls. 

The culvert and lock gates are operated by hydraulic 
machinery designed by Major (now General) Amos Stick- 
ney, Corps of Engineers, who was in local charge during 
construction. In a well behind the recess of each lock 
gate are two vertical hydraulic cylinders; one for oper- 
ating the lock gate, the other for operating the culvert 
gates. The pistons have a stroke slightly exceeding 6 ft 

The chains were constantly fouled by drift traveling 
along the bottom of the lock. Mr. M. Meigs, U. S 
Civil Engineer, proposed a spar attached to the upper 
part of the gate, and this is used for the lower gates 
of all locks. The spar is an [-beam with one end at- 
tached to a pin on the gate and the other end running 
on a track on the lock wall. The wire ropes are at- 
tached to opposite ends of the spar. 

The time required for opening or closing a pair of 
gates is about one minute; for filling or emptying the 
lock, about three minutes. 

The faults of the original machinery system are as 
follows: The vertical position of the hydraulic cylinders 
requires them to be submerged, either wholly or par- 
tially, when the canal is full; this makes repairs and at 
tention difficult. The scheme of chains under water, 
passing over submerged sheaves in the botiom of the 
gates, is bad. The chain fouls drift, trailing ropes, ete., 
and in case of breakage or wearing out they cannot be 
repaired without draining the canal. The space is too 
confined under the gate for a diver to be able to do 
effective work. The 29 years in which these locks have 
been operated emphasize the fact that all lock machinery 
should be kept above water if possible, or (if that is 
not possible) should be contrived so that it can be 
hoisted out for repairs with the least possible difficulty 
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and without having to drain the canal Submerged ma 
chinery cannot be lubricated or b> given proper 
tion and care, Theoretically the application of the power 
to the top of the gate is bad, but in practice it does not 
twist the gate in any injurious and its advan 
greatly outw:igh any theoretical defects. 

In order to control the surplus water carried into the 
canal by numerous streams entering therein during their 
frequent necessary to build 
around the locks. These were not included in the orig- 


inspec- 


manner, 
tages 


floods, it became sluices 


inal plans, and have materially increased the cost of 
the work. The dimensions of these sluices are as fol- 
lows: At the lower lock, 18 ft. high, 16 ft. 2 ins. wide 
at the bottom, and 25 ft. 1% ins. at the top. At the 


middle lock, 15 ft. high, 17 ft. 74% ins. wide at bottom 
and 25 ft. 144 ins. on top. At the guard lock the sluice 
used as a feeder is in the outside embankment just be 
low the lock. It is 19 ft. high and 38 ft. wide. All the 
have six openings, 3 x 6 ft., with gates at the 
head, the lower ends being open. 

The work on the canal was delayed by 


sluices 


inadequate ap 


propriations, and heavy losses were sustained on ac 
count of high water, overflows and natural waste. It 
was opened for navigation in 1877, but work on th 


original project continued to 1880, at 
cost $4,155,000. 
A large 


which date it had 


item in the cost of maintenance has been the 
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FIG, 2, PLAN AND PROFILE OF A PORTION OF THE MISSISSIPPI 
ISLAND RAPIDS. 


AT THE ROCK 


periodical dredging required to remove the deposits 
formed in the canal. While some sediment is deposited 
from the river water, the principal source of trouble is 
washed in from the neighboring hills during 
The creek at Sandusky during severe storms 
brings into the canal sufficient sand and gravel to in- 
terrupt navigation until a channel can be dredged 
through the obstruction. 


Improvement of the Rock Island Rapids. 


material 
storms. 


The Rock Island rapids extend from Le Claire, Ia., 
(mile 848), to the Rock Island Bridge, a distance of 
14.26 miles. The fall at low water is 20.7 ft.; at the 


extreme high water of 1892, 15.2 ft. The bed of the 
river consists of a hard surface of limestone rock worn 
in many places into deep furrows by the long continued 
action of the water and the material washed along the 


bottom. There are also encountered a number of large 
granite boulders. The rock appears as ré efs or chains 
across the river at twelve localities. There existed 


through these chains, prior to the improvement of the 
rapids, a narrow tortuous channel, which was navigated 
with difficulty, not only on account of lack of width and 
depth but also by reason of rapid currents and 
sharp turns. Between chains the channel was generally 
wide and navigable. The slope is not so uniformly dis- 
tributed as on the Des Moines rapids, the channel con- 
pools separated by chains over 


cross 


sisting of a series of 
which the slope is steep. 

In 1852, Congress made an appropriation of $100,000 
for the improvement of the Rock Island and the Des 
Moines rapids. About $15,000 was expended on the Rock 
Island rapids. Work then until 1866, 
when a board of engineers recommended that the steam- 
boat channel be enlarged by excavating to a minimum 
width of 200 ft. and a navigable depth of 4 ft. at low 
The recommendation was made in view of the 


was suspended 


water. 





economical 


timate 
than 4 ft, 
without 
the practical 
tion. 
of locks and dams across the river was considered 
visable; it would form an obstruction permanent through 
out the 
hindrance to 


1882 at a cost of $1,166,608 (87,926 cu. yds 
ing been removed). 


execution of th» work and the existing de- 


mands of commerce 


The board was also of the opinion that should the ul 
demand a greater depth 
the plan of an independent canal and locks 
would then interests, 
result of such a 
The improvement that had been proposed by means 


interests of commerce 


dams best promote those 


plan being beyond ques 


inad 
whereas at 


navigation 
that to obtain a channel 200 ft 


year, high and ordinary 


existed. 


stages no 


It was estimated wide 


and 4 ft. deep at low water would require the removal 
of 57,451 cu. yds. of rock, at a cost of $813,601 The 
project was approved, and the work was completed in 


of rock hav- 


In 1888, a board of engineer officers was convened to 


prepare and submit a project for the further improve 
ment of Rock Island rapids The board submitted esti 
mates for two methods of further improv. ment (1) A 


canal around the rapids on the Illinois side of the river; 
(2) widening and deepening the 
river at the rapids. 
ft. wide and having a depth at low water increasing from 


present channel of the 
The estimate for a canal 200 to 500 
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722. To enlarge the river channel to 400 ft. width and 
4% ft. depth at low water, was estimated to cost $1, 
258,866. To enlarge the river channel to 400 ft. width 
and 6 ft. in depth, $3,491,010. 

Work was begun under this last project and was prac 
tically completed in 1906, but with material modifica- 
tions. Prior to 1876 the work was done by contract; 
since that date by the employment of government plant 
and by day labor. A portion of the work is shown in 
Fig. 2. 

The methods of rock excavation employed were as fol 
lows: (1) by cofferdam, drilling by hand, and use of 
common blasting powder; (2) by chisel boat and dredge; 
(3) by drillboat, submarine blasting with dynamite, and 
removal of rock by dredge. 

1. BY COFFHBRDAM.—The method of constructing the 
dams was as follows: A breakwater was first constructed 
about 10 ft. above the proposed dam, to break the force 
of the current, and afford comparatively still water on 
the downstream It consisted of a series of 
generally about 10 10 ft., spaced about 16 ft. apart in 
the clear, and sunk by being filled with stone. Strong 
timbers were then laid from one crib to another, and a 
sheathing of plank was placed along the connecting tim- 
bers with one end resting on the timbers and spiked to 


side. cribs, 


them, and the other end resting on the bottom, the 
plank being inclined at an angle of about 45° with the 
water's surface (Fig. 3). 

Timber work for an upper corner of the dam was 


and its proper place with two pairs of 
one pair extending down stream and 


means of tice rods to the 


framed sunk in 
lower wall timbers, 
the other 


across, attached by 


frame work. The timbers of each pair were secured to 
each other by the middle tie rods, the outer ends being 
held up to the surface by a float Small rafts were 


moved along on each side of the line of the cofferdam, 














497 

o afford suff i or working \ h a o 
lower wall timbers (or stringers) was then fastened by 
means of tie rods to the flo ig end ly in, and 
secured to one another before A pair of upper tim 
bers located above the urface of the water was the 
attached to the fixed part of th 

Sinking planks were piked to e pair of lower tim 
bers nearest to the fixed part of tl lam ht angle 
to their length and projecting b w thm much a 
was found by sounding necessary to keep th ) wall 
timbers as nearly horizontal as possible This pair of 
timbers was now sunk until the ends of the sinkin 
plank rested on the bottom rh upper timbers wer 
raised a few inches above the urface of the water and 
spiked to the sinking plank, the frame thus made being 
weighted to keep the timbers in place The side planks 
(chamfered to a thin edge at the lower extremities) wer 
then driven into close contact with the bottom and 
piked to the top timbers, care being taken to keep them 
in contact with the lower timber The pace was then 
ready for filling. The puddling or filling was taken from 
the river bed and shore, and consisted of clay mixed 
with gravel, which material wa ilways found at mod 
erate distances from th work The construction i 
hown in Fig. 3 

Aftcr the filling became compact the water was slowly 
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ready for the work of excavation No special tamping 


or packing was employed, the matcrial being such as to 
readily settle and 
timber and thickne 
of water and 


spread into the cavities. The size of 


ss of plank varied according to depth 


consequent height of dam and pressur 


In deep water, three rows of stringers were sometimes 
used as affording greater stability, and the dams were 
often braced from the inside at threatened points The 
thickness of the filling of the upper and lower ends was 
about 1 ft., they b:ing generally in deeper water than 
the sides, which had ordinarily an inside thicknes of 
about 8 ft 

The dams used in th improvement of Rock Island 
rapids were in general built in comparatively shallow 
water (from 6 to 14 ft. in depth) Sycamore dam, which 
was the largest built, attained at some plas a height 
of 26 ft. above the bed of the river 

The quarrying was performed by the use of the ordi- 
nary hand drill and blasting powder The drills used 
varied from 1% to 2% ins. in diameter, and the depth 
of holes from 1 to 4 ft. To avoid the effect of moisture 
in the rock and to form a water-tight magazine, the 
holes were sponged out and partially filled with a soft 
pliable clay. The drill was then forced into this clay, 


pressing it against the sides and making a water-tight 


lining. The rock excavated was 7.13 cu. yds. to 1 Ib 
of powder 
When the excavation was finished and the inclosure 
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long and about 12 in 





pyramidal point of steel. The 
made of wrought iron 9 ft. long with a steel point 


The upper end worked loosely in a ‘‘head 


illow the chi 


the points desircd, the chisel working from the 
stream end of the boat On the Rock Island rapid 


chisel was reporte 


1 to be very effi 


o mount the drill on a barge, which could be 
readily from place to place. Since 1878, the 
rapids by means of the drillboat. The latest for 
drillboat employed consists of a barge, 80 x 18 ft 
one side of which are 


boiler room and blacksmith shop occupy the 


oat out of danger during blasting operations. 

The usual method of procedure is as follows: 
drillboat is first spudded in position, and 3-in. 
below 
o avoid reblasting The distance between rows of 
usually 4 ft The 


are drilled 4 ft. apart to a depth of 3 ft 


} 


holes 





holes are then 
from debris by flushing them out with w 





In deep ledg 


rock per day of 16 hours was obtains 
diture of 1.17 Ibs 


with ar 
of dynamite per cu. yd. 





of large dimensions are towed through the lake, 





area to justify the construction of an in 


square, with bars of railway 


leaned « oken rock, ete., the watcr w let in and 
t lams and cribs removed by dredg 

~. BY CHISHL AND DREDGE.—The chisel was used 
for breaking rock thit was found in patches or in boul 


ing cofferdam The use of the chisel boat dates back 
to 1855, when Major J. G. Floyd, United States Agent 
ised on the Des Moincs rapids a stick of oak timber 12 


‘ let into the side as ribbands to work in the up- 
ghits prepared for the purpo and t up on one end 
of the boat The timber was shod with a conical shoe 
of wrought iron weighing about 300 Ibs., and having a 


chisels were afterwards 


from which 
the chisel was suspended, and was so arranged as 


to 


neuvered by anchors, lines and windlasses, so as to cover 


el to glance from the rock without injury 


to ‘the boat Its weight was about %% tons. The steel 
point was detachable, so that when it became dull it 
ould be removed and another substituted. The ‘‘head’ 
was made of tough elm or bass wood and raw hide 
bo'ted together so as to bring the raw hide at the n°ck of 
the chisel, where there was the greatest wear. The 
chisel was operated by machin ry and leads similar to 
those of a pile driver, which were placed on a suitable 
flatboat The fall was about 7 ft The boat was ma- 


down 


Ss 


m 


mounted two steam drills. 
middle 
the boat, and the boat is held in position by spuds 
Maneuvering lines are also attached for moving 


the 
vcious where the cut 
ting was small! (18 ins. or less), while on the Des Moin 


rapics it Was not as satisfactory. 

3. BY DRILLBOAT, SUBMARINE BLASTING AND 
DREDGE.—In 1875, at St. Louis Chain, tripods were 
placed on the rock to be excavated, and from platforms 
built on the tripods holes were drilled by hand, the rock 
blasted, and the broken rock rais¢d by a derrick boat 
While this method can be employed advantageously for 


mall patches of rock, it has been found with the devel- 
opment of the steam drill that it was more economical 
moved 
work of 
rock removal has been performed on the Rock Island 


of 
on 
A 


of 


the 


The 
holes 


er: 


ade 


drill 
freed 


expen 


ter discharged 


through a hose with a long nozzle. The charges of 
dynamite are dropped through a long tube having a slot 
n the side to accommodate the fuse wires, and a wad 
of old junk rammed down on top of each load to hold 
it securely in place. The number of loaded holes on 
a line (ranging from 1 to 17) having been finally can- 
nected by splicing the wires to form a circuit, the drill- 
boat is moved away to a distance of 50 to 75 ft., and 
the blast is then fired with a battery 

The average amount of dynamite used is 2.29 Ibs. per 
solid cu. yd. of rock blasted, and the average amount 
of solid rock blasted per day of 16 hours by one drill- 
boat is 30.86 cu. yd There is great variation, how 
ever, due to depth of drilling, quality of material, and 
the amount of sand and gravel found overlying the reefs 


rock which breaks up so as to permit holes 
to be drilled 8 ft. apart, an output of 72 cu. yds. of solid 
d 


The quantity of dynamite generally used for holes of 
various depths and in different kinds of material is as 
follow 
Depth of hole ft = eer ae 5 6 7 s 
Dynamite in hard rock, lbs... 2% 4 4% 5% 6% 
Dynami rock medium to 

soft, lbs 2 254 314% 37% 4144 5% 

Harbors of Refuge. 

The Mississippi River steamboats are broad and of 

ght draft, and are not constructed to resist wave ac- 

on Storms on Lake Pepin create waves of considera 
le foree, and have caused numerous accidents to river 


raft in their passage through it. Log and lumber rafts 
and, as 


he current in the lake is inappreciable move very 
owly If exposed to a storm these rafts are broken up 
ind scattered The navigation inter have therefore 
lesired some form of protection, and piers or break 


waters have been constructed, on the leeward side of 
which vessels can find refuge 
The first of th se was built at Stockholn It has a 
ngth of 774 ft., the inner 166 ft. being a riprapped 
earth embankment, and the remainder composed of 18 
cribs filled with rock and gravel. The cribs are 32 ft 


26 ft. wide. The substructure was built 
the superstructure of 12-in. square tim- 
apa Two sets of longitudinal timbers di- 
vide the cribs into pockets. The outer pockets were filled 
with rock and the inner originally with earth and gravel. 
The top was covered with 3-in. oak plank. The height 
of the breakwater is 12 ft. above the low water of 1864 
and at its outer end has a height of 24 ft. from the bed 
of the lake. Snubbing posts were provided for mooring 
vessels and protecting oak piles driven along the sides 
of the structure. This work was done 





vers 6 ins 





under contract, 


and completed in September, 1885. 


The flood of the spring of 1888S broke up the ice in 
the lake when it was 2 ft. thick. A violent windstorm 


against the pier, and 


mass of this ic 


carried a large 
the upper 4 ft. of the superstructure was carried away 
In making rey i 

ructure were given a slope and covered with 3-in. oak 
plank. The angles between the crib and the bed of the 
lake were filled 1 brush and rock substituted for th: 
center pockets. 


repairs have been made the 


1e sides and ends of the super- 











earth and g Since these 
structure has successfully 


withstood the action of ice and storms 

The Lake City 2 ft. of cribs and 
359 ft. of embankment The embankment is built of 
gravel dredged from the bed of the lake, has a width of 


17 ft. on top and a height of 13 ft. 





breakwater has 6 





above low water. 
The slopes above low water are 1 on 114, ane are covered 
with a j 


iyer of r 


rock The cribs rest on a gravel 
foundation, deposited from dump scows, which r-.duced 
the depth of the lake along the line of the pier from a 


maximum of 2S ft. to 5 ft. below low water. The cribs 





are similar to those in the Stockholm breakwater, except 
that they have a width of 32 ft., and on the harbor side 
the superstructure is vertical and sheathed with 2-in. 
oak planks It was observed that the embankments at 
the shore ends of the breakwater suffered less from ice 
than the timber structures, and at Kings Coulee the 
experiment was tried of extending the embankment the 
entire length of the breakwater. A foundation of gravel 
was deposited to a stage 5 ft. below low water, and on 
this a dam was brush and rock, the 
brush being woven into mats and sunk in the usual 
manner The length of pier is 700 ft For 650 ft. it 


was built to a stage 12 ft. 


constructed of 


ibove low water, the outer 


DG ft. gradually sloping 





the bay from streams and sewers emptying into it, 
has to be removed by dredging. 


which 


Appropriations have been made for improving the river 
in front of certain cities and towns along the river, 
and these have been frequently designated as ‘‘improv- 
ing the harbor” at the locality. In such cases the work 
to be done usually consists in removing a bar which 
has been formed in front of t 





steamboat landing of 
the town by sand moving down the river. The methods 
of improvement adoptcd have been either dredging, or 
contracting the width of the river by the construction of 
wing dams on the bank opposite the town, so as to cause 
the river currents to remove the obstructing bar. 

A lock is under construction in front of Moline te 
afford that city a connection with the river, but as this 
lock will become a portion of the enlarged project for 
improving the river its description is omitted 


Levees. 
At a 6-ft. stage the river begins to overflow the bot- 
12-ft. stage the overflow of the 
alluvial valley is extensive, although there are certain 
sand ridges that are above any recorded stage of the 
river. The floods are usually of short duration, and 
most frequently occur in June or July. While there are 
many tracts of land that have been partially protected 
from overflow by their owners, there are but three 
levee districts along the upper Mississippi River that 
have received appropriations from the general govern- 
ment, the levee from Iowa River to Flint Creek, War- 
saw to Quincy Levee, and Sny Levee. 

FLINT CREEK LBEVEE.—This levee has a length of 
35144 miles and protects from overflow about 44,700 acres 
The levee section originally adopted had a width of 
crown of 4 ft., land slope 1 on 2, and river slope of 1 
on 3. The grade of crown is 3 ft. above the flood of 
1888. When the writer was assigned to the charge of 
the district, in 1898, he increased the section by giving 
a width of 6 ft. to the crown and a land slope of 1 on 
21g. The levee section adopted on the lower Mississippi 
River, which has a crown from 8 to 10 ft. wide and a 
land slope of 1 on 3, it was believed, could be 


tom lands; above a 





safely 
floods on the upper river are of shorter 
duration, and as great an increase in flood height from 
levee construction is not to be apprehended 


reduced, as th 











grade 4 ft above datum 
rhe width of the pier is 10 > & ——» 
ft. on top and 36 ft. at the : 
ow water line. 
The slopes above low water So & : . 4 
are 13 ft. horizontal to 12 , ma hs ee <—e Perr a FTN an 
f vertica ind below low ae ee vection showing Method of Construction Section. 
water the natural slope of sia Cofferdam. RB 


gravel under water, about 1 FIG. 3. 
on 4 The surf 4 


breakwater is covered with a 


e of the 





iprep of on 
> 


to 4 ft. thick at low water and diminishing to 2 ft. in 
thickness at the top 


from 3! 





Snubbing posts were provided for 
mooring vessels 
A fo 


about 


irth breakwater at North Pepin has a length of 
1,000 ft., but is built in shoaler water than the 
other three It is composed of a sand and gravel core, 


covered with riprap rock 


lee Harbors. 

When the i breaks up in the spring, it frequently 
floats down the river in large to 
destroy any boat with which it may come in contact, 
oats to lie up during the winter 
at places where they will not be exposed to this action 
The outlet of a sjde affords such 
a fumber of sloughs are used as ice 
offlogs. The Des Moines rapids canal 
Illinois & canal 
rapids of Rock River are also extensively 
employed for a milar purpose For steamboats it is 
desirable that the ice harbor should be in the vicinity 
town, so that the necessary repairs for 


masses sufficiently 


and it is necessary for t 


slough frequently 
protection, 


harbors for 





and the portion of the 


Mississippi 
around the 


of some large 








nother in be made while the boat is laid up 
Appropri 1ave been made for ice harbors, at Du- 
buque, Ia., (mile 265), at Davenport, Ia., (mile 368), 
ind at Quincey, I (m 21) 


The ice harbor at Dubuque has been constructed by 





the general gov deepening Waples Cut, a natural 
irbor in fr city, while the local authorities 
have filled in around it The harbor has an area of 
about 12 acres and } been dredged to a depth of 6 ft 
below low watet At Davenport a harbor has been con 
tructed behind Cree Island by building a dam across 
he upper end of the slough and dredging to 5 ft. below 
low water The dam was originally given a height of § 
ft. above low water by the government, but afterwards 


raised to 13 ft. by a railway company 
In the bay above Quincy, Ill., an area of S82 acres has 
of @ ft 
harbor not only affords refuge for boats, but a large 
vied by log rafts stored for the use of 
vicinity. deposit in 


been dredged to a d 





below low water. This 


portion is occu 


mills in the There is considerabl: 


Dreakwater. 


BREAKWATER AND COFFERDAM FOR RIVER IMPROVEMENT 


WORK. 


(To permit of Rock Excavation in the Dry.) 


LEVEE CONSTRUCTION.—The ground occupied by the 
levee was first cleared of trees, stumps, and all other 
perishable matter, all trees and stumps being grubbed 
out by the roots to 3 ft. beyond the slope stakes. The 
surface of the ground was then thoroughly broken by 
spade or plow to form a bond with the earth deposited. 
The specifications required that such top soil as in the 
opinion of the engineer in charge was unfit for the 
foundation should be removed and deposited to form a 
banquette on the land side of the levee, together with 
such top soil from the borrow pits. But the ground 
along the levee was of such a character that little ma- 
terial was rejected. A muck ditch (usually 4 x 4 ft.) 
was then cut 3 ft. from the center line of the levee 
on the river side. 
and the 


Its object is to explore the foundation 
embankment The ditch was then filled with 
approved material and thoroughly tamped, 
teams passing over it. 


usually by 


The embankment was then deposited in layers not ex- 
ceeding 2 ft. when moved by scrapers (the usual method) 
If constructed by wheelbarrows, the specifications pre- 
scribed that the layers should net exceed 1 ft. in thick- 
ness and should be carefully tamped by employing one 
rammer to two wheelbarrows. The embankment was 
rried to one-tenth its height above the established 
grade to allow for shrinkage. The material was gen- 
erally obtained from borrow pits on the river side, at a 
distance not less than 20 ft. from the base of the levee, 





but in a few cases it was necessary to obtain a small 
portion of the material on the land side, and in such 
cases the limit of the borrow pits was 60 ft. 


from the 
oe of the land slope. 

As the levee line extends to the bluffs at the lower end 
of the district, to protect against back water, it has been 
necessary to make provision for the ordinary drainage 
of the land during rain storms. This has been accom- 
plished by running pipes with outflow valves through th 
embankment at the sloughs and streams it 
crosses, so that when the river is low, water can flow 
outward, but if high the closed valve would prevent an 
inflow. Ordinary 36-in 


various 


cast-iron water mains were em- 
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4,200 Ibs. for 
pipes were laid without calking 


having an average weight of 


ployed, 
| rhe 


engths to lay 12 ft 


the joints. 


Three kinds of outflow valves have been tried. The 
first was an iron valve with pipe about 5 ft. long, which 
cost $86.48. The second was also an iron valve, about 
half as long as the first, and with a flange on the lip, 


and planed faces, which made a tighter and better joint 
But with both these 


water of about 1 ft 


This cost $70 valves it was found 
that a head of 
the 
counterbalance 


valve by a wire 


was necessary to 
counterbalane provided. 
old attached 
rope and so pivoted as to take up 
A wooden shutter, costing about $11, 


open valve, unless a 
rhis 


to the 


was 


consisted of an rail 





the surplus weight. 


was used also. The objection to the wooden valves is 
their tendency to warp in such a manner as to allow 
considerable leakage. They are also more easily broken 
than the iron valves 


At the outlet of these drainage pipes were built rubble 
retaining walls to prevent earth from sliding in and fill- 
ing the pipes; and an also constructed to re- 
the outflow and On the land side 
of the levee the s to the drainage pipes were pro- 
tected by a riprap of rock. When the levee was exposed 
to wave the slope was revetted with a 9-in. layer 
of riprap, extending from the toe of the slope to an ele- 
about 1 ft. the high water of 1888. The 
rest of the levee slope was sown with grass seed, so as 


apron was 


ceive prevent erosion 


entrance 


wash, 


vation below 


to form a sod to protect the embankment from rain 
wash 

It was occasionally necessary to construct the levee 
close to the bank of the river or a slough where it was 
liable to be injured by the caving of the banks. In such 
cases the bank was revetted These shore protections 


were constructed in the manner customary on the upper 
Mississippi River. This levee successfully withstood the 
flood of June, 1903, which at the upper end of the levee 
district was the highest on record. 

WARSAW TO QUINCY LEVEE (Miles 489-520).—This 


was built by local levee boards from 1881 to 1888, with a 





cross-section having a width of crown of 5 ft., a land 
slope of 1 on 2 and a river slope of 1 on 3. It has a 
length of about 40 miles and protects from overflow about 
52,000 acres of land There has been expended by the 
United States in raising and strengthening this l.vee to 
June 30, 1906, $101,428 

SNY LEVEE (Miles 533-584).—This extends from the 
bluffs below Quincy, Ill., to Hamburg Bay, and protects 
an area of about 124,500 acres. It was originally con- 
structed with a cross section similar to the Warsaw 


levee, but has since been enlarged to a triangular section 


with a land slope of 1 on 2 and a river slope of 1 on 3, 
the apex being 5 ft. above the high water of 1892. There 
has been expended by th» United States on this levee 
$106,728.99, $50,000 for levee enlargement and the re- 
mainder for the protection of the levee from caving 
banks. 
Removal of Snags and Other Obstructions. 
In 1867 an appropriation of $96,000 was made for 
building and operating two dredge and snag boats. Two 


steamboats were purchased and equipped with shears, for 
pulling and with Long's scraper, for 
the crests of sand bars. This scraper, an invention of the 
late Col. Stephen H. Long, Corps of Engineers, appears 
to have the most successful of the various devices 
that have been suggested to temporarily improve naviga- 
consisted of a triangular 
timber, with buckets or cutters of boiler 
the lower side. It was attached by bolts 
the and was raised or lowered by 


snags, lowering 


been 
tion during low water. It 
frame of oak 
bolted to 


to the sides of 


Iron 
boat, 
ropes. 

The method of operating the scraper was to move the 
boat to the head of the shoal to be dredged, and to lower 
the scraper on the bar; the wheels of the steamer were 
then backed so as to drag the scraper over the bar, the 
boat floating with its stern down After having 
been dragged across the bar, the scraper was raised out 
of the water and the steamer returned to the initial point. 
The operation was then repeated until the desired depth 
obtained. The buckets cut up and loosened the ma- 


stream 


was 


terial on the bar and then conveyed it down stream and 
deposited it in deep water, being assisted in the move- 
ment of the material by the river currents, 

These scrapers were quite extensively employed until 





were made for the permanent improve- 
river, when dredges substituted for 
In the report of the Chief of Engineers for 1880 
1485) it 


appropriations 
ment of the were 
them. 
(page is stated as follows: 

The results not being commensurate with the amount 
of time and labor required, comparatively little of this 
kind of work has been done of late years. So many bars 
scattered over the entire 700 miles of river becoming ob- 
structions simultaneously at each recurring low-water, 
it was found a hopeless task to keep them all open with 
one boat, and unless a channel is cut through all and 
maintained the work cannot be considered successful. And 
again, the results have no permanency, the work of the 
scraper being generally obliterated at each rise of the 
river, however slight, and in many cases a single night 
will destroy the work of the previous day. In increasing 
the depth on a bar for the time being the scraper is 
generally very effective and is now often used in special 








eases where it 


maintain itself. 


is thought that a channel once cut will 


In such cases, however, it was found that the ordinary 


economical, and the work of the 
operations and the 


dipper dredge wa 
boat has 
removal 

In the 


dredge 


more 
been confined to 
of wrecks 
removal of 


snagging 
and boulders. 

rocks, wrecks and cribs the dipper 
be the best instrument, and is 
the abandonment of 
dredges have 
temporary 


has been found to 


now more commonly used. Since 


the scraper, 
this appropriation in 
by removing 


dipper and suction been used 


under channels 
A large amount of rock 
excavation has also been performed by use of steam-drill 
boats, dynamite and dipper For work 
enumerated there is an annual appropriation of 


cutting 
sand obstructions 
above 


$25,000 


dredge. 


— — > 
*e . . *& 
Publicity for Railway Accidents. 
By W. L. PARK.? 
Any practice which will reduce the number of avoid 
able accidents or railways is eagerly sought for, and 


the placing of responsibility where it belongs in case 


they do occur, is only just to those who suffer thereby, 


either physically, financially or mentelly 

Statistics of railway accidents are accessible to all and 
quite well known. I desire them 
so far as they relate to persons. 
Interstate 
for the 
108,324, 
sonal 
10,764 


jured; 


to refer to briefly in 
From the 
learn that 
was 


casuelties to 
Commerce Commission 
ending June 30, 1906, the total number 
of which 10,618 were fatalities and 97,706 per 
39 killed and 
’ employees killed and 76,701 in 

killed and 10,241 injured. For 
ending June 30, 1907, there were 3,764 persons 
While there is apparently a 
in the casualties, we know that 
proportion to the 


reports we 

year 
injuries. There 
injured; 3,{ 
outsiders, 6, 


were passengers 








the year 
killed 
very 


and 68,989 
marked 
it is in 
and 


injured. 
diminution 
business 


lessened volume of 





that acci increase in greater ratio than an 


for many 
must 


“nts 


increase in business, reasons 
that the 


accompanied with fatalities and per 


As railway men we admit long list of 
appalling eccidents 
sonal injuries to 
which 
must be 


the one 


passengers and employees, many of 


were avoidable, is a blot on our escutcheon which 


How this 
problem official: 
The the 
direction of taking the publie into our confidence, making 
them feel that 
the discipline on 
in upholding the law in 


wiped out may be accomplished is 


great confronting operating 


and employees solution unquestionebly lies in 


they have as great responsibility in up 


holding law of have 


of the ordinary 


railways as they 


the government 


affairs of life. Publicity for accidents, placing the same 
responsibility upon those who violate the rules of safety 
as is now placed upon those who in other ways do the 
public a harm, will certainly bring about a very differ 
ent conception of duty. 


Railway men of sufficient length of service 


fail to 


cannot 





compare the esprit de corps of a few years ago 
with conditions existing on American railways to-day. 
Instead of that intense interest and voluntary loyalty, 
we have a lethargic performance of duty, and a very 


pronounced indifference to the employer's interests, with 


almost studied effort to render such service only as may 
be contracted for, to the extent that on some railways 
there is actually in vogue a system of fines assessed 
against trainmen who do more than their schedules pro 


known as 
fellows everywhere. 


and those who 


unpopular among their 


vide, are ‘company men”’ 


The 


are 
loss of 


this voluntary loyalty is most severely felt in the disci- 
pline The pecuniary losses (through indifference in 
viting adverse public sentiment) are great and to be 
deplored, but the loss of reputation and confidence in 
railroad management is one that falls heavily on every 
official and employee connected with a railroad, mak 
ing them vulnerable to the attacks of enemies, who are 
ever watchful of such opportunities. 

While we do not contend that the employees’ orga 
lizetions sanction er even encourage indifference, force 


of circumstances undoubtedly carries the members under 


their protection into such a line of thought and action 
that the service is unconsciously tainted thereby. Such 
influence of organizations is not by any means confined 
to the members. It affects other employees, and even 
the officials, who are expected to administer discipline 
impartially, influencing their decisions through fear of 


being reversed by superiors, who may be actudted by 


motives foreign to the case under consideration. 
The responsibility is not, by 
rank and file. Employees in self-defense have been 
into cooperation for mutual against 


petty persecutions and discriminations on the part of the 


any means, entirely with 
the 


forced protection 


railway officials. The organizations are expensive to 
maintain and, at times, exact from the members sacri 
fices not in accord with the spirit of independence be 
queathed them in the Declaration of Independence. The 
yoke is galling, but must be worn until such time as 
officials are so surrounded with established methods of 


will do with the 


Our 


discipline as away and vin- 


system is 


injustice 


dictiveness in fixing penalties. present 


*Abstract of a paper read at the March meeting of the 
Western Railway Club, Chicago 
+General Superintendent, Union Pacifie Ry Omaha, 
veb 


Ne 











primitive and barberous, it insults the intelligence of 
employees and force them into alliances for self-pro 
ection Once having the power, they naturally exercise 
t in directions not or nally 

While I may be tel ga fi ret, it is a fact 
that not a few railway accident ire white-washed in 
the investigation to the extent that the officials even 
deceive themselves The evidence is often made to sub 
int-ate a preconceived conclusion as to how the in 
dent oecurred The dominant influence of one in au 
thority frequently asserts itself to the extent that the 
nterrogating or giving of testimony i haped to meet 
the well known views of a superior. This influence may 
be unconsciously exerted or absorbed 

If our Engl cousins, through the Board of Trade 
an investigate accidents with unquestionable diminution 
as a result, and the German end other powers of conti 
nental Europe through ministers of railway affairs, can 
bring the heavy hand of the government to bear upon 
the transgressor of good practice (whether he be em 
ployee or official) to the end that few avoidable aceci 
dents occur, it is not looking far ahead to find our du 
ies circumscribed by conditions much more perplexing 


than now exist It is not certain by any means that we 


shall with that which sat 


Englishman or phlegmatic 


stop the 


German We are 


fies conservative 


not yet oid 


enough to assume such 


men 


responsibilities 
Unless are willing to let 
the 
j theory, 
and 


with 


railway the politicians 
the 


analyze 


take from their hands reins and 


they 


govern roads 


with inexperience must 





the 
this 


that acci 


present conditions shape the 


the 


future policy in 


respect in accord growing sentiment 


dents are of too frequent occurrence and, unless pre 


vented to a greater degree 


the 


than now obtains, the trong 


irm of government must intervene, be the conse 
may Unl 


ess 


quences what they 
such 


railway managers merit 


confidence by an impartial and thorough 
the publie 
them A competent 
fear publicity 


grounded in his 


investiga 


ion of such accidents as 
taken 
official 


should be so 


disturb welfare 


such power will be from 


railway operating ought not to 


for accidents He well 
The 
where it 


methods as to invite publicity public will help 


him to place the responsibility and 


the 


well 


belongs, 


secure for him individual responsibility, which i 


essential to any managed property As it now 


stands, the managers bear 
the 


will 


must wholly the 


rules If an ace 


odium of a 


disregerd of dent occurs the men 


implicated 
the 


that 


frequently accuse the officials of not en 


forcing rule, a violation of which was responsible 


alleging 
The 
ng this 


ty. Our legel 


custom superseded it. 


Union Pacifie is railway 

little 
throw 
made for 
of fact nothing 
the acci- 
investig 


perhaps the first 


We approached it 


adopt 


method with no timid 


department said it would 
which 


injuries AS a 


open 


information upon claims would be dam- 


ages and personal 
of this kind 
dent having 


there 


matter 


has occurred On the contrary, 
full 
the 


the 


been thrown i- 


open to public 


tion, are no for 


that 


mysteries opposition to delve 


nto; no vague insinuation 
the 


always a 


great corporation is 
client by suppressing the facts 
stock in with the plaintiff in 
That such investigation helps the legal 
there is no doubt. 

A board of convened 
Wyo., for the purpose of 
occurred at Borie, 
train, 
became 


crushing 
(which is 


helpless 
trade 
1 damage case). 
department 
Dec. 3 at 
investigating a collision 
Nov. 10 An 


east 


inquiry Cheyenne, 
which 
Wyo., on eastbound 


freight descending. the 
Hill 


way 


slope of Sherman 
uncontrollable, 
ear, which had 
cut-off, killing ten 


of air appliances and their 


work and 
the 


tests 


striking a engine 


been employed on Carr-Borie 


employees Special were 
effect on trains 

air brakes as 
large number of employees were interrogated 


the 


made 
Experts in 


the operation and the use of well as a 


The find- 


ings of board were as follows: 

The 
train 
Ozone 
the 


999 


223 had a 
point between 
reduced to 40 Ibs., 
frequent applications 


evidence shows leaving Buford extra 
line air pressure of 90) Ibs.; at a 
end Buford this pressure was 
conductor having stated that 
and releases of air had been made without the necessary 
time being allowed for the train line to recharge We 
believe that the accident was caused by the improper 
manipulation of air by Engineer Schley of engine 223 
which resulted in his not having the ry pressure 
to control the train when the emergency arose 

We further find and believe that had prompt and 
proper response been given by the crew with hand 
brakes, the speed of this train would have been checked 
and controlled in ample time to have prevented the acci 





necess 











dent Charles C. Haghes, Chairman, General Superin 
tendent, C. & N. W. Ry. (retired); George M. Randall 
Major General, U. S. / Frank D. Baldwin, Brigadier 
General, U. S. A.; W. B. Scott, sistant Director Main 
tenance and Operation, Union Pacific System—Southern 


Pacific Co.; H. H. Forney, General Air Brake Inspector, 
Southern Pacific Co.; A. L. Mohler, Vice-President and 
General Manager, Union Pacific Ry.; W. L. Park, Gen 


eral Superintendent, Union Pacific Ry 


This is the first investigation of this character in 
which United States army officers participated The 
long army experience of these two military men, with 


absolute independence of action, gave them the requisite 


qualificetions to conduct an unbiased investigation and 


render an opinion without fear or favor 

It is alleged frequently in case of a locomotive boiler 
explosion that there was an inherent weakness Board 
of inquiry composed of division officials and ex-Gover 


nor John R 


Osborne (of Wyoming) found a 


follow 
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rhe ¢ ) n of engine 1647 w due to low water 
i ove ile row heet The responsibility rests 
‘ t A nh ne en t crew 
on howed that the crown sheet gave way 
eleventh row of stay from > sheet, 
b entirely n two; through this f holes 
f seam t ide s¢ 1S holes acro top of box 
rhe break from de seam gles backward, terminating 
l4th row from mud ring, left side The side seam, 
left side, sheared rivets from break across crown sheet 
forward to the tee iron, balance of seams pulled down 
with zing des with them to the point be 
ore tonhead bolts in tt tee iron did not 
pull yf crown back f e, to break in 
hee d in 11th row of stays laying against 
flue f crown back of the break pulled 
oose mud ring 12 ins. and is 2S ins. at 
h point ahead of door sheet 
Crown wa nearly ten row of stays in width 
flue sheet Sth row of stays from 
coor, making irly 4 ins n width of 
flue sheet and 1S ins. from door sheet. 
About ix radia bolts stripped off fire 
box shee none broken. Casing sheets 


boiler head anc 


bent outward, excepting 








op where they are dented in by boiler striking at this 
;}oint.in i f rhe smoke stack was still on smoke 
0 which was on the boiler, while extension is torn 
off nd lays under cylinder The crew concerned in 
his accident arrived at Green River 12.20 p. m. and left 
it m., having hed 2) hrs. 30 mins. rest 
( John R. Osborne, *, Wyoming; H 
IL. Anderso superintendent 1d, Master Me 
chanie A. J. Wharf, Division Engineer 


— rT a me 


River Bank Protection in Northern India by 
Stone-Filled Wire Net Cylinders. 


Those 


ing the inroads of sudden floods 


engineers in this country who are fight 


in rivers watered 


from a drainage area having an annual rainfall 
of some 40 or 50 ins. and a maximum weekly 
rainfall, say, of 15 ins., will be interested in the 


in the north of 
rainfall on the 
600 to 700 ins 
high as 
paper* before 


engineers 
peninsula the 
the Himalayas is 


reaches occasionally as 


experiences of railway 


the Indian where 


river heads in 
per and 


“4 ins. in 24 hours. In a 


annum 
recent 





the Institution of Civil Engineers, Mr. Francis 
P. Anderson describes river protection work in 
this country, from which we here abstract the 
more important parts 

This protection work was principally along 
the abutments and approaches of various bridges 
ilong the line of the Bengal Dooars Ry. Mr. 
Anderson ivs 

The Bengal Dooar Railway lie ilong the left bank 
of the Tista River to Mal Bazar, about 92 miles north of 
the junction and mainly serves the tract of country 
called the Bengal Dooars, from which the railway de- 
rive name It possesses several features of great 
engineering interest. The peculiar features result 
mainly from the alinement, which along the glacis 
of the Bhutan Himalayas, between the level alluvial plain 
ind the steep hills, and at a distance ranging from 1 to 
10 miles from the latter; it crosses several large rivers, 


which drain mountains up to 15,000 ft. in height, though 





the altitude of the railway itself never rises to more 
han 700 ft 

The proximity of the railway to the points where the 
rivers debouch from the mountains ngs about this 
curious fact, that the largest rivers and bridges on the 
line are at the summits of the steepest and longest 


gradients. The explanation of this paradox is as follows 


These rivers have brought down with them an enormous 
amount of debris, consisting of clay, sand, shingle, and 
boulders, which has spread fanwise over the country 


with the joint of the fan at the point of debouchment 





The rivers usually occupy a shallow depression in the 


highest ridge of the fan and drain the Himalayan valleys, 








the valleys between the fans being drained by smaller 
streams taking the local rainfall; while the railway, 
which lies parallel to the mountain range, has to rise 
up over these mound of debri 

It will thus be perceived that tt are two problems 
to be dealt with, namely, that the local rainfall 
drained by the smaller streams in the valleys between 
he fan 1d that of the mountain rainfall drained by 
the rivers on the top of their mounds of debris. The 
local rainfall at and near the line of railway may be 
estimated, as a maximum, at about 210 ins. per annum 
Of the mountain rainfall no measurement is recorded, 
but it i estimated, from reliable data, to be about 
735 ins. per annum Besides the rainfall the other 
somewhat abnormal feature of the railway consists in 
the steepness of the water-gradients of the rivers. These 
in some ca become as much as 50 ft. to the mile 





eyen near the railway; and the volume of silt and debris 


brought down by the streams is thus due to the enor- 
mous rainfall, the steepness of the water-courses, and 
the friability of the Himalayan Mountains. The amount 
of It is so great that it may turn a large river from 
its bed in a single day, and there have been two such 
deviations in the last three years, This is perhaps due 


**‘River 





Control by Wire Net Work,”’ by Francis Philip 
S. E Paper (No. 38748) presented 
Engineers 


Anderson, M. Inst. ¢ E 
to the 


Institution of Civil 





to the fact that floods bear with them 


rainfall] mod- 


of high velocity 
debris; 






1 considerable amount of when tl 








erates, the flood also moderates in volume and velocity, 
1nd a quantity of solid matter is left stranded This 
erves to heap the water back and with the ill-defined 
banks gives time for it to enlarge an opening already 
begun during the heavy flood; through such an open- 
ing the river may take its course in subsequent years 
until there is sufficient accumulation to provide 
a fresh chenge The discharge of debris by the rivers 


constitutes now the main difficulty in the maintenance 





of this part of the railway. 

When the railway was first made it appears to have 
been assumed that the rainfall in the mountains was the 
eme as that of the lower belt of country It proved 


necessary therefore to enlarge some of the bridges from 


ime to time. But these measures by themselves were 
deemed insufficient, so in every case except one the 
bridges have been floored, and including this structure, 
the approaches to all bridges have been protected with 


bulment-spurs (Bell bunds) and other subsidiary spurs 


fhe usual Bell bund is an embankment of earth pro 
ected by stone-pitching; it originates at the abutment 
nd terminates up-stream in what Indian engineers call 
the impregnable head. Such spurs, however, would not 


withstand the impact of rivers in the Dooars a single 





rainy son, and therefore the device of making them 
of boulders enclosed in wire netting was employed. This 
device was originally employed on the Harnaj and the 
Assam-Bengal railways, but nowhere on the scale em- 
ployed on the Bengal-Dooars Railway. 

WIRE NETS.—The method consists in making a wire 


net 50 x 16 ft., 


the necessary 


placing it in 
curve; then 
the longitudinal edges are 
joined and tied, are OAINA FOREST 
filled in 


position and bending it to 


boulders 
ends are 
the shape 


and the 


finally fastened up; 


assumed when complete is 
something like a sausage 
and accordingly the device 
goes by that name. The nets 
are woven in the following 
manner: two rails, parallel 
to one another, are made 


fast to the ground; they are 
placed about 75 ft. apart in 
allow for the slack 
tying up the 


order to 






BANK PROTECTED 


necessary in | PLTC MING &“SAUSAKLE 


device has been put in theendeavorto control the streams 


bridged by the railway. jefore entering at length on 
a specific instance, it may be well to describe some 
characteristics of the beds of the larger rivers, It has 


already been shown that the rivers, after draining the 
mountain valleys, debouch on to the top of the debris 
they have brought down, and flow in ill-defined ¢hannels 
along the top of this down to the great Gangetic plain 
But the point of debouchment may be, and often is, the 
meeting place of two or three valleys, and the streams 
from each will keep themselves quite distinct for several 
miles, owing to the great width of the water-courses, 
which is often as much as a mile at low water. In 
flood-time the streams from the different valleys mingle 
early in their course; and hence it is that the water, 
draining from three different with different 
shades, clear, whitish, and reddish, may often be seen 
to mingle a little above and then pass under the Ghish 
bridge. The Daina bridge likewise really takes two large 
streams, the Daina and the Rangati. (See accompanying 
figure.) In nearly all such water-courses have 
one very ill-defined bank, whilst the other forms a low 
cliff, the edge of a spur prolonged from the mountain, 
but in some cases both banks are ill-defined. This sep- 
aration of two different streams in the same water- 
course has some bearing on the question of river con- 
trol. As mentioned, the water-courses themselves are 
often a mile wide and more, the beds being composed 
of sand, shingle, and boulders, and largely occupied by 
vegetation, consisting of tall grass and trees up to 60 ft. 


valleys, 


cases 


high. With a channel of such width, the water has 
room to spread itself and thus these islands are only 
submerged in the highest floods 
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Hind 5 “SAUSMCES * 











ends; galvanized-steel wires, FF = — 

No. 6 B. W. G., are then eR aR an 
stretched 6 ins. apart from TS Cae 
rail to rail, every sixth wire He Qe og? 
being double. The web wires * a a Je 2 

are interlaced at similar " ~ le 
distances with double wires = 


at the same intervals, and 
at every intersection the wires 
are tied with tying 


No. i0 B. W. G.; the 


wire 
tying 


wires are each about 6 ins 
long and are bent round (Showine 
the intersection three times; 
no knot is made in either wire, as it is found that the 


sufficient to keep the longitudinal end 


from running together 


friction is quite 


eross wires 
After the 
‘sausage”’ 


ground has been prepared so as to bed the 
the selvages <re tied together, form- 
ing thereby a wire cage 5) ft. long and 5 ft. in diame- 
ter. The small boulders, small be- 
cause, so long as they are too large to go through the 
they pack better and are easier to handle The 
are handed from the ends to men inside, and 
when full the ends are tied, thus completing the sausage. 
The cost of the sausage is about £8 ($38). Such a mon- 


properly 





stuffing consists of 


mesh, 


stones 


olith accepts the various inequalities of the ground 
without disturbance, and even if undercut and sinking, 
does not lose much of its integrity, as the desired 


effect can be again assured by the superposition of an- 
other The author understands from experience 
on the Harnai Ry. that the life of one of these sausages 

s 15 years if unattacked by any abnormal stress from 
floods, i. e., the rusting of the wires will not bring 
earlier destruction. On this railway, although 
many destroyed by the fury of the impact 
of the none so far have been destroyed by pro- 
cess of time, but then the experience covers only about 
The sausages have been used for several pur- 
one to guide the stream to a line normal to the 
longitudinal section of the bridge, another for the con- 
struction of spurs to break up the impact of the current 
by ‘‘ponding’’ the water, and they can also be used as 
protection walls. When used in the last capacity they 
are laid along the talus of the bank, one superimposed 
other to the required height. When used as 
spurs they are laid, when viewed in section, pyramid 
fashion, in groups of three or or even more. 

In some cases an additional sausage, at a distance of 
15 ft. from the bottom tier, has been laid, the interspace 
being filled with boulders and covered with a wire net. 

USE OF NET AT THE DAINA BRIDGE.—It now re- 
mains to describe the uses to which this wire net-work 


sausage 


about an 
have been 


water, 


6 years. 
poses, 


on the 
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MAP OF THE DAINA BRIDGE ACROSS THE DAINA AND RAN- 
GAT! RIVERS, BENGAL, INDIA. 


final state of the bank protection works.) 
To give an instance of one of these rivers whose 
streams have been controlled more or less successfully 


by the means herein described, none suits so well as the 
Daina, This river is in reality two streams, the Daina 
proper and the Rangati; and the two, after draining 
many valleys in the Bhutan Himalaya, debouch from 
one gorge on to their common heep of debris, The 
mountains along which these valleys lie are lofty, some 
of them rising to 12,000 ft. in height. The railway 
across the river was built in 1901-1902, and the total 
width of the water-course, that is, the area of land 
covered by the swiftly flowing water in time of flood, 
is about 5,000 ft. The drainage-area is 97.6 sq. mi., and 
the rise of the river-bed from the railway is about 50 
ft. to the mile, increasing fast as the river-bed nears 
the mountains about 7 miles away. 

The discharge of the river, assuming a rainfall of 210 


ins. (the rainfall along the line of railway), is about 
69,000 cu. ft. per sec. This, however, must be much 
below the actual flood discharge. With this discharge 


the wetted area of section at the bridge gives a velocity 
of 10.1 ft. per which would be proportionally 
greater for the more probable discharge. 

To bridge this river it 


sec., 


was decided that ten spans of 
60-ft. girders would suffice. The bridge was situated 
at the lowest point of the cross-section of the water- 
course and the remainder was crossed with an earthen 
bank. 


During the first rainy season, that of 1903, the bank 


across the watercourse was breached at intervals from 


end to end, the most important breaches being at the 
two abutments, and at that part of the watercourse 
constituting the Rangati channels. 


The summit level (691 ft.) of the line is at Chengmari 
station, 4% mile west of the Daina River, the grade of 
the Daina Bridge being 677 ft. above sea-level. When 
the line was made in 1903, this level was run out 600 
ft. east whence it dropped 6 ft. in 4,500 ft., thereby 
giving a minimum of earthwork across the watercourse. 
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To remedy the weakness disclosed by the extensive 


breaching of the railway across the watercourse it was 


decided to raise the grede throughout to the level of 
the bank with 


accordingly 





the bridge, 
protection-work. 
the following 


and to strengthen wire-net 


This was carried out in 
bank of the 
river and the west end of the bridge, one spur of sausage 


manner: Jetween the west 


work was put in, about 200 ft. long, and at the west 
abutment 2 specially large spur 25) ft. long was laid 
these spurs were provided with semi-circular heads, 
made of sausages, and hearted with boulders At the 
east abutment a large protection scheme of sausage- 


work was i! 


tuted and carried out in the form of a 
long side, the base on the railway bank 
having a length of 600 ft 


bank 


rapezium, the 
Between the trapezium and 


the eastern four 


sausage-spurs were laid, each 
provided with a T-head; and attempts were also made 
to floor the bridge. These repairs occupied the season 


143-1904. 


The ra 





is of 1904 were comprratively neve! 
agair 
approach to the bridge in two 
ft., the other $30 ft. 


the island 


moderate; 


theless, the Rangati succeeced in breaching the 


eastern places, one 210 
Another defect was due to 
This 


saplings 


long 
immediately up-stream of the 
of considerable 
trees on it 
with the 
railway bank 
that it 


bridge. 
antiquity, for the 
were at least 50 ft. high; but 
Rangati blocked by the 
, Was to deflect the water of 
impinged 


island was 
and Sissoo 
its effect, channels 
that river so 
obliquely on to the bridge and added 
to the stresses to be borne by it. In the season 194-5 
it was therefore decided to remove the island and in- 
duce the flow in a line directly normal to 
the bridge This about by adding to the 
trapezium alluded to previously a triangular portion, so 
that the whole structure resembles in plan the letter A 
slightly towards the left. The 
apex from the railway was about 630 ft. 
At the same time the spur from the west abutment was 
lengthened 100 ft. and the bridge 
with a floor 8 ft 


current to 


was brought 


distorted and leaning 


distance of the 


was floored throughout 
thick and 50 ft. wide, together with an 
thickness and 30 ft. 
the length of the floor, 
proach lengthened, the 
filled in with a 3-to-l pitched with boulders 
from top to talus, the talus at the same time being 
protected by single sausages lzid lengthways. 

The rainy season of 1905 was 
one occasion 11 ins 


apron of the same wide running 
The spurs of the western ap- 
were also 


up-stream bank was 


slope and 


not without floods; on 
fell in 24 hours, but though a little 
damage was done to the floor, two or three spans being 
scoured out, the protection-works all 
bly. The island above the 


answered admira- 
bridge was removed, as in- 
tended, by the stream being diverted against it from off 


the prolonged spur-work, so that the current was no 
longer deflected obliquely on to the bridge. The ap 
proach banks across the watercourse were also un 


harmed; but one thing had occurred to which sufficient 
importance was not attached at the time, namely, the up- 
stream side of the bank was so much silted up that the 
spurs nearly bank, formerly 135 
the clear, was now no higher than 8 ft. At 
the time this result was with satisfaction 
as thick grew on the new deposit, 
and the whole seemed to add to the stability of the bank. 


were blinded, and the 
ft. high in 
looked upon 


vegetation quickly 


In August, 1%, the whole structure, bridge, earth- 
work and protection-work wes compelled to withstand 
a very rude test, from which it emerged, not indeed 
seatheless, but still with some credit. July had been 


very wet; 45 ins. or thereabouts fell during that month, 
30 ins. in the first three days of August, and between 
10 a. m. of the 4th and the same hour on the 5th a fall 
of about 18 ins. was recorded. These records are taken 
from the rain-gages near the line, How 
much rain fell nearer the base of the hills is not known, 
for the rain-gages were all filled to overflowing; neither 
is it possible to tell much fell in the hills, a fall 
of 26 ins. in the 24 hours has been recorded at Cherra 
like amount have 
the Bhuten mountains on that day or night 

of this 
railway in the 
being breached at 


tea-garden 


how 


Punji, and a or more may fallen in 
The effect 
rainfall on the two branches of the 
Dooars was most destructive, the line 
intervals from end to end, and great 
gaps, one 800 ft. long, were made in the embankment. 
As for the several which had withstood the 
reins of 15 years were demolished, 

At the Daina, the effect of the impact of the enormous 


prodigious 


bridges, 


volume of water was most interesting; although the 
bridge survived, the wire protection-works were dam 
aged, the end of the west abutment spur being torn 
off and the top of the A-shaped protection-work at the 
east abutment being also demolished. The T-head of 
the easternmost spur was in like predicament, and be- 
yond that point, the river after cutting into the east 
bank had effected a breach about 600 ft. wide. The 
author visited the scene on the afternoon before the 


rainfall 
mile 


night on which the maximum occurred, above 
the railway the wide, moving at a 
great velocity and bearing with it large trees and other 
debris, the whole pouring through under the girders of 
the bridge and through the gap. Below the bridge were 
four or five standing waves at least as high as rail-level. 
As mentioned, the bank, being protected with 


river was a 


besides 


pur-work, was 
pitching had 
east of the gap. 
but especially 


a'so protected with this 


mile 


pitching, and 
point at 
Now, between the bridge and the gap 
latter, the ballast had been 
washed out from under the sleepers and the down-stream 
slope of the bank was guttered, 
lope protected by the 
was unharmed, It 


been carried to a least 14 


near the 


whereas the up-stream 
sausage-work and the pitching 
is evident, then, that the water had 
risen above the level of the top of the bank, and after 
removing the ballast, had guttered away the 
tream slope until a great volume of the stream 
through the gap it had made. 


down 
poured 
This leap of water over 
the top of the bank is obviously the result of the silting 
on the up-stream side, had there been no silt the water 
would have been deflected to the bridge in a line more 
or less parallel to the bank; but as it was, the water 
impelled by its enormous velocity and unable to break 
through the pitching, swept over the top, 
ballast, and scoured the down-stream slope 
the fact that 1S in of 
this great gap had 


removed the 

In view of 
rain fell in the 24 hours after 
been made, it is doubtful if the 
bridge would have stood had there been no gap to ease 
the pressure on it On the other hand, the sausage 
protection-work did its duty well, and protected the rail 
way embankment effectively The gap caused by the 
flood was east of this protection and was effected by the 
cutting in and removal of the river bank. No harm 
was done to the bridge itself, but the floor of three spans 


had been washed out, this being discovered only after 
the rains 

To remedy the damage and to provide against future 
contingencies, the following work was undertaken and 
completed during the succeeding working-season. The 
bridge-floor was renewed, and the east approach bank 
was raised 5 ft. and pitched, the line now rising up 
off the bridge to the summit of the bank The spur- 


work was heightened in places and repaired, and the 
spur was continued in a northeasterly di- 


rection until it abutted on the river bank. [This final 


easternmost 





stage is shown in the accompanying figure.—Ed. Eng. 
News.] These remedies proved effectual during the 
rains of 1907; but the test is not convincing, inasmuch 
is the rains of that year gave no instance of long 
continued heavy rainfall. 

THE ESTABLISHMENT OF MUNICIPAL FORESTS 
by Pennsylvania cities, boroughs and first-class town- 


ships has 
state 


been authorized by the legislature of that 
The bill giving this authorization was drawn and 
upported by the American Civic Association, and was 
discussed editorially in our issue of April 15. The Penn- 


sylvania Legislature has also authorized the State De 
pertment of Forestry to raise seedlings and distribute 
them at cost. 

e 
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THE DEPRECIATION OF 
studied by a 


WATER-WORKS is being 
committee of the Water Work 
The to collect all the 


American 


Association. committee proposes 









deta it can, bearing upon the subject, particularly unde: 
the following heads: 

Air Pumps. Pipe—Steel. 

Boilers—Fire Tube Pipe—Galvanized 
Boilers—Water Tube Pipe—Wooden. 
buildings—Brick or Stone Piping in Power House 
Buildings—Wooden. Pumping Engines—Centri 
Chimneys—lIron fugal 

Chimneys—Brick Pumping Engines—Power 
Chimney Tile or Concrete. Pumping Engines—Steam 
Condensers Pumps— Feed. 
Conduits—Masonry. Rams—Hydraulic 
Conduits—Iron. Reservoirs—Earth. 
Dams—FEarth. Reservoirs—Masonry 
Dams— Masonry. Services—Wrought Iron 


Filters—Gravity. 
Filters—Pressure. 


Services—Lead. 
Stand-Pipes. 


Foundations (for Boilers, Stokers. 

Pumps, Towers, etc.) Tanks’ Elevated—Iron = or 
Heaters—Feed Water. Steel. 

Hydrants—Fire. Tanks Elevated— Wooden 


Meters. 
Penstocks. + 


Valves—Gate 
Water-Wheels 


Pipe—Cast Iron. Wells. 
Pipe—Wrought Iron 
Cards have been prepared for making up records of 


depreciation. On one side provision is made for giving 
the name and location of the plant, the sender of the 
information, and the date of the report. On the other 
spaces are given for filling in items as follows 
of work 
builder; 


Portion 

reported on; description; size or capacity; 
installed; discontinued life, years; why dis 
continued; condition when discontinued; value when dis 
continued; remarks Circulars and outlining the 
proposed work of the committee may be obtained from 
Mr. William H. Bryan, Committee on De 
preciation, Lincoln Trust Building, St. Louis, Mo The 
other members of the 
John W. Alvord, 
Building, Chicago, Ill.; Mr. D. W 
3ank Building, Chicago, Il Mr 
koop Kierstead, Water Works Building, 
Mo.; Mr. James N. Hazelhurst, Candler 
lanta, Ga.; and Mr. Metcalf, 14 
Boston, Mass. 


cards 
Secretary 
names and addresses of the 
committee are as follows: Mr. 
Hartford 
First National 


Chair- 
Mead, 
Wyn 

City, 

Building, At- 

Beacon St., 


man, 


Kansas 


Leonard 


An Integrating Instrument for Roughness 
of Railway Track. 


The track maintenance prizes 
sylvania R. R. Co. 
maintenance 


which the Penn- 
each year to the 
employees on the 





awards 


smoothest- riding 


will in according to 


secluions 


future be adjudged 


the showings of a novel instrument 


vised for this special purpos« 


recently de- 
The method hith 


erto used consisted in counting the number 


> 


spills of water from two glasses set on the win- 
dow-sills of an 
of the 


instrument 


inspection-car 
The 
distinet 


attached to one 
use of the 
improvement on 
this rough method, although the instrument itselt 


regular fast trains. new 


will be a 
does not give scientifically exact 
empirical 


indications, but 


mly an approximate record. 
The simple construction of the 
be explained by the 


photographic 


instrument 
help of the 
base-plate and a 
support two flat 
and the horizontal, 
firmly at end and bearing a 
other end. In the picture the 
seen at about 


may 
accompanying 
view A 


vertical 


frame set thereon reeds 


steel 
one vertical other clamped 
weight at the 
horizontal reed is 
one-third the height of the frame 
clamped to a bracket at the right and bearing at 
its left-hand weight on 
pedometer. 
The vertical 
frame, is 


one 


end a 


which is set a 


reed is in the 
clamped at the 


middle of the 
bottom, 


and carries 





Integrating Instrument for Indicating Roughness of 
Track; Pennsylvania R. R. Co. 


its weight and pedometer at the top; the 
of this reed is at right 
the frame, and, the 
of the 


plane 


angles to the plane of 


frame being set crossways 





car, the reed takes the transverse vibra- 

tions. 
The pedometers give a record of the num- 
ber of vibrations of the reeds, but take no ac 


count of amplitude of 


taken care of by 


vibration 
integrating the 
point on 


This latter is 
total travel of 
through a 
meter whose stem carries a ratchet 
toothed bar 
ecyclometer of the 
height of the 
frame, and actuated by a 
the left from the 
tions. The 
and is actuate 


a certain each reed, eyclo- 
wheel driven 
the The 
reed is mid- 
bracket of the 
rack bar projecting to 
reed, in the plane of its vibra- 
cyclometer is attached to the 
d by a rack projecting down- 
from the horizontal 


by a fastened to reed 


vertical seen at 


frame, seated on a 


other 
base, 
ward 
The designed by the 
Power Department of the 
It is believed that the 


reed. 


instrument was 


Motive 
Pennsylvania R. R. Co 
and 


pedomete« r cyclo- 


meter indications of the instrument, judged with 
due allowance for the speed of the train, and 
also judged in conjunction with the number of 


spills of water from a glass, will furnish a reli 
able estimate of the comparative riding qualities 


of different sections of track. 
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A Tripod for Brush Survey. 
By E. M. DOUGLAS,* M. Am. Soc, C. E 
An elongated tripod which answers the same 
purpose and is somewhat more portable than 
the triangulation tower illustrated and described 
n Engineering News, issue of Feb. 11, is shown 
in Figs. 1 and 2. This device was adopted by 


the United States Geological Survey in carrying 





on topographic surveys in the cane brakes of 
Mississippi last summer. It consists of a tripod 
S ft. in length for supporting the plane-table 
board, and a light stool 3 ft. high on which the 
observer stands while at work. The tripod is 
of the split-leg style, with metal point The 
side pieces of the legs are of hickory 114 x 4 ins., 
and there are three cross-pieces to each leg, 


adding considerably to its stiffness. 

To attach such tripod legs to an ordinary tran- 
sit or level-tripod head, the side pieces are bowed 
in and a piece of wood 10 ins. long, and of suit- 
able width, is fastened between them at the 
upper ends. This piece is bolted to the transit 
or level-tripod head as usual. 

The tripod as well as the observer's platform 
can be increased somewhat in height and still be 


or slackwater system of river improvement down 
to the shallow streams on which small expendi- 
tures are made in the removal of snags. A small 
number of the minor works now under way are 
not taken into consideration on account of their 
insignificance, the small expenditures involved, 


and the meager data regarding them. This num- 


ber is but a small fraction of the whole, and 
therefore can be omitted without prejudice to 
the general results sought. 

The latest information available on the subject 
under consideration is contained in the Annual! 
Report of the Chief of Engineers for the fiscal 
year ending June 30, 190S. Earlier reports have 
also been consulted. Some of the works have 
been under way for many years, and the expen 
ditures shown are in each case from the inception 
of the work to the close of the fiscal year 1908. 
While data regarding expenditures upon all works 
are available, early reports contain but meager 
information in regard to commerce. It would be 
desirable to compare the commerce at the time 
of the inception of the work with that of the pres- 
ent time, but this can not be done except in the 
case of a very small number of works of recent 
date In the earlier days commercial statistics 











Delaware Breakwater, Mouth of Delaware River, 
Harbor Beach, Mich., Deep-water harbor at San 
Pedro, Cal. The number of these harbors is 24 
and they have cost $14,312,000, Seven of them 
report having sheltered 10,775 vessels in 1907. 
CLASS II.—Harbors which are used both for 
refuge and for commercial purposes. Examples: 
Rockland Harbor, Me.; Gloucester Harbor, Mass.; 
Block Island Harbor, R. I.; Marquette Harbor, 
Mich.; Oswego Harbor, N. Y The number of 
works in this class is 24 and the amount ex- 
pended on them $24,083,772. Thirteen show an 


increased depth ranging from 5 to 26 ft., 





gregating 125 ft.; 11 either show no change or 
there is no information available in these cases 
The total original commerce was 34,876,000 tons; 
the total present commerce is 50,801,000 tons 
25,000 tons. Of the 





showing a net gain of 15! 
total number of improvements, 21 show a plus 
commerce amounting to 19,484,000 tons, and 3 
a minus commerce amounting to 3,559,000 tons. 
Assuming Government money to be worth 3%, 
the total cost to the United States of this class 





4} annually, or, on the 
basis of the present commerce, 1.4 cts. per ton. 
CLASS III.—Lake and coast commercial har 


ff improvements is S7 




















FIG. 1. ELONGATED TRIPOD FOR BRUSH SURVEYS. U. S. GEO- FIG. 2. USING AN ELONGATED TRIPOD ON PLANE-TABLE WORK 


LOGICAL SURVEY. 


easily carried from station to station by one 
man. Such tripods have been found useful for 
running lines through vegetation of moderate 
height, since by their use much of the clearing 
away of underbrush has been avoided. 


=. 


The Waterways of the United States: Actual 
Expenditures and Results to Navi- 


gation and Commerce. 

By ALEXANDER H. WEBER,+ M. Am. Soc. C. E 

This paper is presented in view of the interest 
manifested of late in the improvement of our 
waterways and the number of references thereto 
in the public press, some favoring and some op- 
posing this class of work. Many of those offer- 
ing contributions on this subject are optimistic 
in the extreme, prophesying the most extrava- 
gant and improbable benefits to follow large ex- 
penditures for these improvements, while it is 
not unusual to find those who claim that expendi 
tures for these purposes are a useless waste of 
public funds resulting in no actual benefit either 
in the way of physical improvement or of in- 
crease in commerce. Some even believe that 
navigation is on the decline and that actual com- 
meree handled by water has decreased. It is the 
purpose of this paper to show as clearly as pos- 
sible the actual facts in the case as derived 
from a careful analysis of the records so far as 
they throw light upon this subject. 

With a view to showing the total expenditures, 
the original and present depth, the change if any, 
the original and present commerce, and the cor- 
responding increase or decrease, an examination 
has been made of every project upon which the 
Federal Government is now expending public 
funds, from the most expensive harbor -of refuge 

*U'. S. Geological Survey, Washington, D. C. 

Assistant Engineer and Secretary, The Board of En- 
gineer for Rivers and Harbors, Colorado Building, 
Washington, D. C 


were not complete and in many cases were en 
tirely absent or are now considered of doubtful 
value In some instances the commerce was 
estimated in dollars, while in others it was given 
as sO many packages, crates of merchandise, etc., 
the weight and value of which can not now be 
ascertained It was not until about 1890 that 
particular attention was given to the collection of 
statistical data, and the items referred to below 
“as original commerce are the averages of the 
first few years of reliable data, usually pertain- 
ing to the period from 1890 to 1895. The present 
commerce is an average of the last two or three 
vears, except in a few instances where the 
growth has been steadily on the increase, in 
Which cases the past year’s commerce is given. 
The comparison therefore between original com- 
merce and that of the present time covers a 
period of only about 15 years. 

It is found that the total number of works upon 
which the United States Government is engaged 
is 495, and it is obvious that it would be impos- 
sible in this paper to give the details of each, 
although they have been worked out. In order, 
however, to show a comparison of results, the 
several kinds of works have been classified and 
those of similar character grouped together. The 
reason for this is that it would not be proper 

» combine the cost and results at an important 
commercial harbor having a costly jettied chan- 
nel entrance, with those of a small inland stream; 
but a comparison of a number of the same 
class of improvements will give a very fair un- 
derstanding of what has been accomplished. For 
this purpose the 495 improvements have been 
grouped into eight classes, and from an analy 
if the details of the several groups the following 
results have been obtained: 

CLASS I.—Harbors of refuge which are used 
solely for the protection of shipping and which 
show no results in regard to depth or commerce. 
Examples: Sandy Bay Harbor of Refuge, Mass., 








IN A CANE BRAKE. 


bors, also tidal rivers. This is the most import- 
ant class, as it includes not only the principal 
ports, but also a large number of tidal streams 
emptying into the seas, lakes and bays. Exam- 
ples: Newburyport Harbor, Mass.; Boston Har- 
bor, Mass.; Providence River, R. I.; Harlem 
River, N. Y.; New York Harbor, N. Y.; Delaware 
River, Potomac River, Savannah Harbor, Ga.; 
St. Johns River, Fla.; Galveston Harbor, Tex.; 
Ashland Harbor, Wis.; Ludington Harbor, Mich.; 
Oakland Harbor, Cal.; Humboldt Harbor, Cal.: 
Grays Harbor, Wash. The number included in 
this class is 265, on which the expenditures have 
been $172,707,900. Of these, sav show an in- 
crease in depth ranging from 1 to 25 ft. and 
amounting to a total of 1,558 ft. Twenty-five re- 
port no change, or there is no information on the 
subject. The total original commerce was 167,- 
465,000 tons; the present commerce, 353,585,700 
tons, showing a net gain of 186,120,700 tons. Of 
the total number, 175 show an increase in com- 
merce amounting to 199,111,500 tons, and 68 
show a decrease in commerce of 12,993,800 tons 
At 3%, the total annual cost to the United States 
is $5,181,237, or, on the basis of the present com- 
merce, 1.5 cts. per ton. 

CLASS IV.—Rivers under improvement by 
regulation or by locks and dams. Examples: 
Merrimac River, Mass.; Cape Fear River above 
Wilmington, N. C.; Alabama River, Ala.; Black 
Warrior River, Ala.; Arkansas River, Mississippi 
River, Monongahela River, W. Va., and Pa.; 
Kanawha River, W. Va.: Sacramento River, 
Cal. The expenditures under this class include 
the total amount that has been expended by the 
Mississippi River Commission, over $53,000,000, 
and also $23,000,000 provided by continuing ap- 
propriations for the operation and maintenance 
of the several locks and dams and for continuing 
snagging. The fact is well known that a large 
part of the funds used on the lower Mississippi 
River has been for the construction of levees, 
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the benefits from which are far-reaching and not 
navigation. The total 
number in this class is 76, and the expenditures 
on them amount to $204,718,500. Thirty show an 


confined to commerce or 


increase in depth ranging from 1 to 8 ft., ag 
gregating 101 ft.; 46 either show no change or 
the data are not available. It may be stated as 


a fact, however, that in many instances where no 


increase throughout has been reported for this 
class of work, there has been marked improve- 
iment on certain stretches covered by the actual 
work done, the lack of favorable results on the 
project as a whole being due to the incomplete 
condition of the work Total original commerce 
of Class IV., 49,155,000 tons; total present com- 


merce, 64,374,000 tons; net 
Forty-three 
P5.056,000 


gain, 15,219,000 tons. 


show a plus commerce amounting to 





minus 
The annual cost to 


9.5 cts. 


tons; 2 show a commerce 





amounting to 9,817,000 tons 
the United States at 3° is $6,141,555, or 
the basis of the commerce. 
under in 
snagging, re 
of dredg- 

existing 
produce any ap- 


per ton on 
CLASS V 
improvement 


present 


Interior shallow streams 


expensive such as 
small amount 


designed to 


of obstructions, a 
ing on StC., 
depths available rather than to 
preciable 


moval 
shoals, make 
improvement in physical conditions. The 
intended only to keep the 
condition. Usually these streams have 
a low water depth of from 1 to 3 ft. Examples: 
Little Pedee River, S. C.; Upper Tombigbee, Ala.; 


work is rivers in a 


navigable 


Yazoo River, Miss.; St. Francis liver, Ark.; 
Snake River, Ore., and Wash. Number of works, 
67; amount expended, $7,200,900; no increase or 
decrease in depth. Total original commerce, 3,- 


161,000 total present 
tons; net gain, 1,858,000 tons 


5,019,000 
Thirty-three show 
t plus commerce amounting to 2,517,000 tons, and 
16 show a minus commerce amounting to 659,006 
Annual cost to the United States, $216,000, 


' 


tons; commerce, 


tons. 
or 4.5 ets. per ton 

CLASS VI. 
Inland waterway 


Inland waterways and canals. Ex- 
Savannah to Fer- 
Franklin to Mer 
Mississippi Canal. Number 
of works, 7; expended, $0,956,600. Three 
show an increased depth ranging from 4 to 7 ft., 
ES £0.34 in data. Total 
commerce, tons; total present 
gain, 2,941,000 tons. 


a plus commerce amounting to 2,203,- 


amples: from 


inland waterway from 
and 
amount 


nandina; 


mentau, Illinois 


are deficient 
1.331.000 
commerce, 5,272,000 tons; net 
Three 
GOO tons, and 2 
262,000 tons. Annual 
$298,698, or 9.1 cts. per 
CLASS VII.—Special 
removal of 


aggregating 


original 


show 
a minus commerce amounting to 
cost to the United States, 
ton 

work, auxiliary channels, 
affecting main 
indirectly and which show no ef 
Examples: »f 
N. Y.; closing Pass a Loutre, 
La.; Harbor at 


rocks, etc., through 
navigation only 
fect upon commerce. 
rocks at Hell Gate, 
River, 


temoval 


Mississippi Vicksburg, 


Miss.; Harbor at Pittsburg, Pa. Number, 12; 
expenditures, $14,602,000. These show no com- 


results. 
CLASS VIII.—Channels connecting the Great 
While the number of works falling un- 
der this head is small, they are grouped together 
icecount of their great 
they would carry if 
included in any other class. They consist of St. 
Mary’s Canal, Hay Lake and Neebish Channels, 
Detroit River, St. Clair Flats Canal, and connect- 
ing channels. Number of works, 5; amount ex- 
pended, $25,198,000. All show an increase in 
depth ranging from 7 to 16 ft. Original commerce, 
25,000,060 tons; present commerce, about 75,000,- 
000 tons, an se of 50,000.00 tons. Annual 
$755,940, or just 


mercial 
Lakes. 
and treated 


separately on 


importance and the weight 


incre: 

ost to the United States at 3‘ 
1 ct. per ton. 

Summarizing the above, it is found that the to- 
tal expenditures on the 495 projects amount to 
$471.199,000, total original commerce, 281,760,000 
ions, total present commerce, 591,977,700 tons, a 
gain of 340,217,700 tons, number of projects show- 
ing an increase in commerce 217, number showing 
a decline in commerce 111, excess in number 
showing increase over decrease 106, annual cost 
to the United States at 3%, $14,135,970, or 2.4 ets. 
per ton. Of the 374 projects designed ultimately 
to produce increased depth, 288 show an actual 
increase ranging at the different localities from 
1 to 26 ft., and aggregating 1,814 ft. The remain- 





ing SG show either no appreciable results or in 
lacking, the the 
majority of cases, although in not a few instances 


idvantageous 


formation is latter applying in 


shown for short dis- 
tances covered by works only partially completed, 
ictual benefits not being expected until the work 
has been farther advanced. 


results are 


The total of all expenditures on rivers and har- 
bors since the inauguration of the work nearly a 
century ago is about $511,000,000. The difference 
between this sum and the one reported as having 
been expended on existing projects represents the 
amount expended on a few existing 
not 
meager 


unimportant 
consideration on 
their 


taken into 


data c¢ 


improvements 
account of 
ind condition, 
projects of earlier days 
discontinued. 


oncerning com- 


and a number of 


which 


merce physical 


rbsolete have long 
since been 
The 


isting commerce 


question of the total actual amount of ex- 


handled by water is an interest- 
ing and is difficult of 
ibove, 591,977,700 tons are 
to the 
made. 


one solution. As stated 


reported as applying 
localities upon which expenditures are be- 
ing Some of this reported 
and some of it even in triplicate or 
The explanation of that 
each work reports the affected by or 
using it. As an extreme example, the tonnage in 
iron ore from Lake Superior ports is first credited 
to the locality from which it is shipped, then to 
the St. Mary’s Canal, then to the Detroit River, 
ind finally to the Lake Erie Harbor 
transferred to smelter or rail Again, 
traffic is usually reported in duplicate, first at this 
point of shipment and again at the port of desti- 
nation. The exception to the general rule is in 
the case of foreign commerce and that pertaining 
to a few rivers where the traffic is local. An ef- 
fort has been made to ascertain the amount of the 
actual waterborne commerce in the following 
manner and it is believed the results approximate 
the truth. 
The total 
harbors 


is necessarily 
in duplicate, 
quadruplicate. this is 
commerce 


where it is 


coastwise 


commerce reported for the several 
and connecting waterways of the Great 
found to be 268,963,000 tons, including 
passing through St. Mary’s Canal, and De- 
River which amounts to 114,926,000 tons. 
Deducting the latter amount, we have the actual 
commerce passing from one port to another, 154, 
037,600 tons, and one-half of this sum or 76,968, 
O00 tons the actual 
of the lakes. To this has been added the 
commerce of our seaports which amounts to about 
35,000,000 and one-half the coastwise and 
amounts to about 288,000,000 
and which is reported in duplicate. The 
river traffic is the most uncertain of definite de- 
termination for the reason that as already stated 
local and reported but while 
in cases like the Tennessee River it is reported 
than once and a part of it enters into the 
amount reported for the Ohio River. The same 
may be said of many of the tributaries of the 
Mississippi, a part of the commerce at least of 
most of these streams being credited to the river 
in which it and the river in 
which it finds its destination. The amount of this 
not large when compared with the 
whole, and the method adopted is believed to offer 
the best and at least approximate results. From 
this method of calculation, the total actual exist- 
ing waterborne commerce of the United States 
is found to be approximately 256,000,000 tons per 
annum. On the basis of this actual commerce, the 
cost per ton to the United States is 5.5 cts., and if 
all improvements 


Lakes is 
that 
troit 


represents existing tonnage 


foreign 


tons, 
river traffic which 


tons 


some of it is once, 


more 


originates also to 


commerce is 


we consider the total outlay on 
since the inception of the work a century ago, the 


cost is 6 ects. per ton. It would be interesting to 


know what saving this six-cent expenditure has 
effected. Any estimate would be little more than 
a guess and could not be verified. The writer 
has seen it stated in connection with certain 


localities that the saving due to better navigation 
facilities has been at least $1.00 per ton. 
Appertaining to the lack of favorable results in 
some is frequently noted in the re 
ports, particularly those prior to about 1880, that 


instances, it 


appropriations were very irregular and not com- 
mensurate with the character of the work to be 
performed. Even after the period mentioned, 


funds were in many instances inadequate, and it 


ippears that the work was necessarily carried on 


in a desultory manner not calculated to produce 
the best or most economical results. An impor 
tant item of legislation on the subject of the im 


provement of our mitained in the 


waterways is 


River and Harbor Act of 1902, which provide 

that all projects for the improvement of rivers 
ind harbors shall be referred to a technical board 
of review. Since that date practically no work 
has been undertaken or authorized without care- 


ful consideration of its merits both from a 


mercial as well as an engineering point of view 


With regard to the number of improvement 
Which show a decrease in commerce it seems 
proper to call attention to the obvious reason for 
this in at least some cases. These works were 
undertaken years ago before the localities had the 
advantage of railroad facilities and the only 


means of communication was by water which 





was resorted to from necessity, although the 
water route may not have followed the natural 
ine of trade, and navigation was difficult and 
expensive. It was natural under these circum- 
stances that with the advent of the railroads 
nuch of the commerce should be 


diverted It 


should not be forgotten, either, that in the early 


days when light draft river craft carried freight 
and passengers long. distances prices were 
harged accordingly, and these were very much 
higher than the rail rates which followed. The 
fact is well established that as a general prop- 


osition railroads can not compete successfully 


with first-class water routes. This is not true, 
however, in the case of inferior waterways where 
distances are great and the capacity of the 
stream limits its use to small craft. Again, the 
very fact of the building of railroads often di 
verts the trend of commerce and causes com- 
mercial centers and traffic routes to change, and 


this undoubtedly accounts for the decline in 


trade in certain localities. It is, therefore, not a 


matter of surprise that in the general develop 
ment and building up of our country some of 
the early established routes should show a de 


cline in commerce in favor of others more advan- 


tageously located. This is but an incident to be 
expected in the general progress shown by the 
figures above 


Fundamental Principles of Sewage Purifi- 


cation on Land. 
By RUDOLPH HERING,* M. Am. So Cc. E 


The building of sewage purification works was 
started in Europe, where, without question, the 
largest number of such works have been cor 
structed Whatever has been done in our coun 
try in the way of experiment, study and operat- 
ing plants, creditable and valuable as it is for 
our somewhat different conditions, we can, never- 
theless, appreciate our own difficulties and even 
intricacies better by taking into consideration 


the extensive experiences abroad 


This fact was fully appreciated by the writer 
vhen he was making a special inspection of Eu- 
ropean works in 1905, as was the further fact 
that there were still great differences of opinion 
regarding the value of methods and_ practices. 


The reason was obvious: the subject was not yet 
sufficiently well understood and much speculation 
and belief still prevailed Since then both Eu- 
rope and America have made progress, but even 
now there is not yet a universally accepted sci 
entific theory to form the basis of design for 


modern plants, as there is for the older intermit 
ent sand filters 


A re-examination of the European 





summer showed many advances, not only in the 
ory, but also in the oordination of data, illu 
trated, for instance, in the excellent English re 
port of the Royal Sewas Still 
there is lacking, also, in ellent 
vork on sewage treatment, the best which has 
yet appeared, a complete exposition of the sub- 
ject, embodying sufficient information b which 


works with 
tail as he 


in engineer can design purification 


the same confidence and economy in de 


an design a bridge, a machine, or even a slow 


*Hydraulic and Sanitary Engineer, 170 Broadway 


York City 
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sund water filter. There is lacking also a sufficient 
ly extensive experience and experiments, to show 
the correct relation of all of the several elements 
vhich make up the whole process of sewage 
purification, so that it can be applied to all of 
the different conditions presented in concrete 
‘ases. Consequently, there still are a number of 
experiment stations actively in pursuit of this 
subject, both in Europe and here, and it may not 
be long before all the desired bases are de 
veloped for safe and economical design. 

For about thirty years the subject of sewage 
purification has presented itself to the writer in 
the pursuit of his professional work, and it is 
but natural that he should have acquainted him- 
elf with every phase of the subject coming to 
his notice, particularly during his late trip to 
Europe. This paper will briefly review the more 
important of these phases because it is the 
vriter’s belief that the conclusions to be drawn 
from them bring us quite closely to the goal that 
ve are seeking, and clearly point out the direc- 
tions where, within perhaps a short time, the 
wanting facts may be found 

Early in the 70's the writer was employed to 
make some simple calculations to determine the 
uperficial areas of a grain of strychnine when 
triturated to various degrees of fineness, so as to 
throw some light, if possible, on the surface 
iction of triturated medicines within our bodies. 
The only facet remembered is the practicability 
of getting a surface of ten feet square in a pow- 
der weighing but a grain This became of spe- 
cial interest in the SO’s, when the purification of 
water and sewage by percolation through sand 
beds was coming to the fore. 

A little later, Mr. B. H. Coffey, in discussing 
at the Philadelphia Engineers’ Club the purify 
ing effect of sand filtration, emphasized the large 
surface of sand grains that are available for ac- 
tion, viz.: 1 cu. in. of sand grains, 0.01-in. 
n diameter, presents a surface of 314 sq. ins. 
to the percolating water. 

In 1880 the writer was abroad studying sew- 
erage systems for our National Board of Health. 
The Massachusetts State Board of Health had 
published, in 1879, an excellent report by Dr 
Folsom, on an inspection made by him of the 
Although the 
writer was directed to report only upon sewer 


sewage disposal works in Europe. 


design and construction, chiefly as to the rela 
tive merits of the combined and separate sys- 
tems of collection, yet he inspected also the most 
interesting disposal works and called upon. the 
chief workers in this field. It was then that he 
first met Bailey Denton, and visited his sewage 
purification plant at Merthyr Tydfil, which he 
designed and built about 1S70. He called 
the system “Intermittent Downward Filtration,” 
ind maintained that one acre of sandy soil 
would continuously purify sewage from 1,000 


persons Mr. Denton was a drainage engineer 


and had observed that strongly manured fields 
vielded a clear and pure effluent water from the 
ub-drains, which fact had suggested to him the 
ipplication to sewage purification. He was em 
phatic in his insistence upon ‘‘free draining soil” 
and upon “intermittency” of application by the 
advice of Sir Edward Frankland, because, as he 
expressed himself, ‘‘the soil needs to breathe.” 
He presumably knew nothing about bacterial ac- 
tion, nor just how the sewage was being purified 
The effluent looked like spring water and was 
drunk by cattle in preference to the river water. 
This inspection of what was the first intermit- 
tel sewage purification plant ever built, was 
supplem@nted a few months later by a visit to 
Dr. Alexander Miller, City Chemist of Berlin, 
who is now known as the first one who recog- 
nized the office of bacteria in sewage purifica- 
tion He showed with enthusiasm, at his labo- 
ratory, the effect of micro-organisms, as he then 
called the bacteria, on feces and_ urine. He 
recognized their office, not only in sewage puri- 
fication, but in the conversion of manure into 
“nourishing liquids” to be absorbed by plants, on 
which he wrote one or two articles in agricul- 
tural papers Dr. Miiller maintained that ex- 
creta were completely converted into matter 
harmless to us and useful to plants, by these 


minute organisms, and that, therefore, they 





should be separately collected and used for agri- 
Cultural purposes. 

It was not until some years later, when bac- 
teriology had been developed as a science, that 
the writer brought the ideas of Bailey Denton 
and Dr. Muller together, so as to recognize the 
probably important office of bacteria at Merthyr 


Tydfil. The classical work of Frankland, and the 


investigations of Schloessing, Mtintz and War 
rington had demonstrated the connection, and in 
1890, our Massachusetts State Board of Health, 
by its elaborate investigations, had furnished the 
data by which an engineer could design an in- 
ermittent sand-filtration plant, so as effectually 
to utilize the work of the bacteria, and safely 
guarantee its results. 

These investigations, however, were mostly 
confined to sand filtration. It was found that in 
some localities sand filtration was too expensive, 
particularly in England, where sand is scarce 

The Massachusetts State Board of Health had 
shown by a laboratory experiment in a small 
tank that sewage could be purified at greater 
rates, and therefore more economically, in filters 
made of stones of hazel-nut size, instead of sand, 
provided that the sewage was sprinkled upon 
the sand. Mr. J. Corbett later constructed the 
Salford Works upon this suggestion. It was 
demonstrated in England and France that the 
bacterial slime covering the stone surface con- 
tributed to the sewage _ purification. It was 
shown by Scott-Moncrieff in England, that an 
abundant aeration of sewage suitably applied 
greatly assisted the purification. 

It was further shown in England, in 1892, 
through the suggestions of Sir Alexander Binnie, 
by Santo Crimp and Dibdin, that sewage in con- 
tact with stone surfaces for a few hours was 
purified sufficiently to be non-putrescent, when 
leaving the same, therefore proving that to ren- 
der sewage inoffensive much less land was re- 
quired by this method than by sand filtration. 

More economical methods of sewage purifica- 
tions were, therefore, coming into view. 

The writer will now analyze the subject along 
the paths just mentioned, because during his 
visit to Europe, last year, such analysis seemed 
specially helpful to a better understanding of 
the conditions observed both here and abroad. 

In treating the subject, particularly in Europe, 
attention had at first been given almost exclus- 
ively to its chemical and bacteriological aspects, 
and comparatively little was given to the physi- 
eal conditions controlling the same. It is now 
recognized that the latter are equally important. 


Bacterial Surface. 

With the above results and conclusions before 
sur profession, the writer remembered his com- 
putations in early life regarding surface action 
of finely divided matter. It was now estab- 
lished that bacteria were instrumental in purify~ 
ing sewage and that they adhered to, and oper- 
ated, upon firm surfaces. The larger the sur- 
face, the more bacteria could operate. There- 
fore, the smaller the stones of the bed, corre- 
spondingly increasing the surfaces, the better 
would be the effluent sewage. Sand of the same 
depth unquestionably produces a better effluent 
than larger stones, assuming for the present all 
ther factors except the superficial stone area 
to be equal, 

This area since the trip to Europe in 1905, the 
writer has been accustomed to call bacterial sur- 
face, to indicate what seems to be one of the 
essential factors in the process of sewage puri 
fication, one which had not been. sufficiently 
studied or appreciated, and one which seemed to 
explain certain actions of filters not yet clearly 
understood. 

Experiments both in Europe and here, proved 
that, as between coke, broken stone and gravel 
of the same depth and size of grain, the coke 


always gave the best and the gravel the least 
good effluent. The character of the mineral gen- 
erally made no difference, except slag or cinder, 
when sulphur sometimes contained therein, acted 
detrimentally as a germicide. 

There is a large difference in these materials 
as to their bacterial surface, and yet it is almost 
impossible to measure it by any practical means 
Some microscopical examinations and approxi- 
mate theoretical assumptions and computations, 
led the writer provisionally to adopt certain pro- 
portions, simply to facilitate an explanation of 
the importance of knowing the area occupied by 
the working bacteria. Assuming the surface of 
a sphere of glass as unity, he then took the sur- 
face of a pebble of gravel of the same average 
diameter as being about 1%, of broken stone 


about 2, and of slag about 2% and over. In 
other words, slag of the same size as gravel, will 
5 
give , or nearly twice the bacterial sur- 
1% 3 
face, and other things being equal, will be almost 
twice as efficient a sewage purifier. The fact 
that a slimy coating covers and conceals many of 
the minute irregularities of the surface, affects 
this conclusion only slightly, because, when the 
slime becomes very thick, the efficiency of the 
bed decreases, and it is said, ‘‘needs a rest.’’ The 
general form of a stone of irregular shape will 
not be greatly changed by a film which has not 
become too thick to be of the best service. 
Under this heading it must also be said that 
the bacterial film itself has a lars 


e internal sur 
face development. Dunbar compares it to starch, 
of which one cubic millimeter, when dry, is ca- 
pable of developing, when wet, an internal su- 
perficies of two million square millimeters. Bac- 





teria are undoubtedly capable of utilizing a very 
large part of this internal area. But the effect 
is simply a multiple of what is to be expected 
from the bacterial surface surrounding each in 
dividual grain, and applies to all materials alike. 

It seems that the extent of bacterial surface 
is one of the directions in which more exact 
practical information is needed, and it is to be 
hoped that some of the experiment stations may 
furnish the same. Its economic importance is 
evident. If, at the same expense, we can provide 
roughér stone, with a greater bacterial surface, 
we can correspondingly reduce the quantity of 
stone and the cost of the purification works. It 
will then become practicable, still assuming that 
all other factors are the same, to establish the 
number of square feet of ripe bacterial surface, 
required to purify to a given degree the average 
sewage per person per day, and to determine the 
depth, and, therefore, the quantity of the avail- 
able material required to obtain such a degree. 
It will become practicable to state, not only how 
many square feet of bacterial surface are re 
aquired to obtain the high degree of purity result- 
ing from intermittent sand filtration, but also 
how many square feet are required in contact 
beds and sprinkling filters to obtain merely a 
non-putrescence of the effluent. In short, given 
a desired degree of purification, a filter to pro- 
duce it can be economically designed 

To illustrate what has just been set forth, I 
have tabulated data from three 
sprinklng filters, viz.: Hanley, Eng., 


European 
Which gives 
the best effluent; Birmingham, Eng., which gives 
a fair, but less good effluent, and Wilmersdorf, a 
suburb of Berlin, which gives the least good of 
the three effluents. The writer, of course, is 
-onscious of the value of preparatory treatment, 
and that the sewage of Birmingham, and par 
ticularly Hanley, have a betier preparation be- 
fore they reach the filters, than Wilmersdorf. 
3ut that does not affect the present conclusion. 
The larger the required bacterial area, the 
smaller must be the stone for the same depth of 
filter, and therefore, the greater is the necessity 








COMPARATIVE DATA ON THREE 


SEWAGE PURIFICATION WORKS. 


Sq. ft. of 
Bacter- U. S. bacterial 
ial sur- gals. ap- surface Sq. ft. of 
Average face in Depth of plied per  purify- bacterial 
diam. in Superficial sq. ft. bed in sq. ft. of ing 1 U. surface Character 
ins. of value of per cu. ft. bed per S&S. gal. per per- of 
medium. medium ft. day. per day. son. effluent 
Hanley (Saggers) ............. 5K 1% 135 6 27.5 24.5 710 Excellent. 
Birmingham (slag & granite)... 1% 1% 60 6 29.8 14.1 367 Fair. 
Wilmersdorf (coke)............ 5 2% 25 8.2 34.4 6.0 160 Tolerable. 
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for a good preparation in the removal of sus- 
pended matter to prevent clogging. 

The accompanying table shows the average 
diameter of the stones, their estimated bacterial 
the quantity of sewage applied per 
square foot of bed per day, which is practically 
the in all three and the square feet 
of bacterial surface per person. It is seen that 
Hanley gives a surface of 710 sq. ft. per person, 
with an excellent effluent, Birmingham has 367 
ft. with a fair effluent, and Wilmersdorf has 
only 160 sq. ft. with but a tolerable effluent. 

It is not pretended that the superficial values 
of the medium are more than a rough 
proximation. Let assume 


so 


surfaces, 


Same cases, 


sq. 


very ap- 
their 
an example, and 
degree of purity that 
yielded by 500 sq. ft. of bacterial sur- 
per and that 
desire to use hard coke and a depth of filter of 
than We would then compute 
average diameter of grain of the medium 
required to give the desired degree of purity, t« 
be about two inches, provided no other elements 
than bacterial considered, 
and that the preliminary preparation corresponds 
to what is for diameter of 
grain, and for the corresponding time of percola- 
tion. 


us, for a moment, 
to illustrate 
desire a 


correctness, 
that 
would be 


as 


assume we 


face person, for good reasons we 


not more six feet. 


the 


those of surface are 


necessary such a 


A sand filter would have a much greater bac- 
terial surface per person than Hanley, and give 


a still better effluent. A contact bed to give the 


same non-putrescent effluent as sprinkling filters 


would require a greater bacterial surface, be- 
cause there is not an equally effective means of- 
fered for oxidation. Sprinkling filters have a 
constant circulation of air through the _ inter- 
stitial spaces, while in contact beds the aeration 
is confined to the period during which the sewage 
is drained out. Therefore, contact beds, to give 


an equally good effluent, require a greater bac- 
terial surface than sprinkling filters. 

It may be said that if the suggested effect of 
the different superficial values’ of the three kinds 
of medium is ignored, the Hanley bacterial sur- 
face would still be greater and the Wilmersdorf 
bacterial surface still be less than the Birming- 
ham While this happens to be true in 
these individual 
the general 


surface. 
cases, it 


presents no 
principle already 


argument 


against stated. 


Liquidity. 
After giving the bacteria a _ sufficiently large 
field upon which to operate, must give them 
also the best conditions for activity and 
gation. 


we 
propa- 
Such are a liquid state of the sewage, or 
practical freedom from suspended matter, a suf- 
ficient supply of air, a sufficient length of time 


for oxidation and a proper temperature. The 
purification of sewage by oxidation can take 


place only if the substance is in liquid form, and 
perhaps in semi-liquid, what is now often 
called colloid form. In order to get solid sewage 
matter into this form, it must either be dissolved, 
vr a hydrolysis or bacteriolysis must have taken 
place, which is an anaerobic fermentation or pu- 


or 


trefaction. By this process, organic matter is 
transformed into simpler forms, which subse- 


quently are more readily “burnt up” by the air. 
Anaerobic liquefaction may take place very rap- 
idly. It may do this under conditions not neces- 
sarily apparent either by any bad odor, or other- 
It goes on inside of a clot of fecal or other 
animal matter, or in vegetable matter exposed to 
air only on the outside. Rotting fruit is an easily 
observed Sewage, when comparatively 
fresh, has these disintegrating changes going on 
perhaps to a extent Hydrolytic 
changes are also accomplished by enzymes, which 
are the products of, but not themselves, living 
animal and vegetable organisms. 

The food in our bodies must be in a liquid state 
to be absorbed and converted into blood, for 
which a complete change of the physical condi- 
tion of the food is necessary. It is liquefied in 
part by the gastric juice and other secretions, 
and in part by the anaerobic bacteria which by 
the million inhabit our intestines. 

That the aerobic bacteria on the surface of the 


wise. 


case, 


considerable 


stones of the filter liquefy some of the solid 
matter of sewage, is probable, but has not yet 
been demonstrated. Practical results, however, 


are so plentiful to indicate the great 
of removing as much of the suspended solid mat 
ter before the filter, 
that liquefaction in itself is a 
factor if it occurs at 
Sewage in its raw 


importance 


as possible discharge 
the filter 
all. 
state, much 
divided suspended matter, can be applied only in 
small quantities, compared with sewage that 
settled, clarified or In fact, 
allowable rate of application almost 


upon 
minor 
containing finely 
has 


the 
in a 


been screened 


varies 


direct ratio with the amount of suspended mat- 
ter which the sewage carries 

The oxidation, or mineralization of fluids, dis- 
solved solids, or colloid matter when accom- 


plished by bacteria, necessitates a liquid or semi 
liquid condition before the bacteria can utilize it 


Therefore, 


we are compelled to supply the sew- 
age as nearly as practicable in liquid form. In 
this form it can surround the grains as a thin 
and fairly uniform film, flowing slowing down- 
ward over the slimy bacterial surface and per- 
mitting all of the sewage to have the greatest 
practicable contact with it. 

Any putrescible solid matter that enters the 
bed, and is not at once liquefied either deposits 
and tends to clog it, or it passes through and 
leaves the filter before it can be properly re 
duced. A number of the recorded failures of 
filters were due to the fact that the sewage con- 
tained too large an amount of putrescible sus- 
pended matter when it reached the filters The 
failure will be due both to the insufficient oxida- 
tion within the short available time, as well as 
to the stoppage of the interstices by the fibrous 
matter bridging them. 

One of the essential conditions of a purifica 


tion plant is, therefore, a proper preparation of 
the sewage before it is discharged upon the filter, 
so as to remove from it as much of the suspended 


matter as possible. 


This conclusion is not less ajplicable to sand 
filters than to coarse-grained filters. A much 
greater yield per acre is secured in both cases. 


There is a practical difference between the two, 
which not make the high grade 
preparation for a sand filter equally imperative. 
The clogging of a sand filter « 
moved by the simple process of 


however, does 


‘an be readily 
raking, 
but the clogging of a coarse-grained filter means 
the removal of the for 
recently Manchester, Eng. 


re- 
surface 
entire stone 


cleaning, as 


done in 
Air Supply. 

The third element the 
of sewage purification is abundant 
air. 

One 


final 
supply 


essential in stage 


an of 
best 
that 

organic 


of the 
purification is 
mation of dead oxidation, 
by which all dissolved organic matter is mineral- 


facts in 
of 


an 


established 
the last 
matter is 


sewage 


transfor 


stage 


ized. 

The oxygen for this purpose is practically all 
furnished by the air, a_ sufficient quantity of 
which must, therefore, be brought in contact 
with the dissolved sewage matter Dr. Rideal 
gives the amount of oxygen required to nitrify 
English sewage as that which is contained in 
about half its volume of air; for average Ameri- 


can sewage we might say that it was eaual to one 


quarter of its volume of air. This being a mini 


mum amount, and realizing that irregularities in 
the distribution may reduce the effect by one- 
half, or even three-quarters; and also in cases 
where aeration is not expensive, it is always well 
to supply an abundance of air to pass over the 
thin layers of liquid sewage. 

Waring’s air pumping at Willow Grove, Pa. 


successful in sewage purification, but 


than 


was very 
was more expensive warranted. Sack’s 
pumping air and ammonia from the manure pits 
of his barn near Leipzig into his fields, several 
feet below the surface, the 
yield of crops, but was 
not justified. 

It is held by some that aeration 
given amount has no useful effect. 
at Birmingham, found it to be On the other 
hand, Scott-Moncrieff and some German in 
vestigators found decided benefit by supplying a 
surplus of air. The English 
raised)’ above the ground, 
so that the wind can blow 


materially 
here the 


increased 
also expense 
beyond a 
Mr. Watson, 


So. 


filter units when 
and given open sides, 


through, and those at 





495 
Wilmersdorf near Berlin, where similar filter 
nits have air pipes bedded within, all show that 
benefit is obtained from ample and free venti- 
lation 

\t Birmingham it is necessary to rest the 
filters about 10 ff the time for the purpose of 
letting the accumulated bacterial ny growth 
dry and shrink, and thus increase the interstitia 
space, so that the best efficiency may be ob 
tained. 

The beneticial effect of ample ventilation was 
never more strongly impressed upon the writer 
than when he saw the evidence in favor of it for 
the first time Mr. E. C. Clarke, M Am. So 
(C. E., when building some of the first sewers of 
the main drainage system of Boston, showed two 
house connection pipes that had been cut off 


and were to 
had the usual main trap at the 
part of the pipe 


coated with a layer of slime 


sewer Cone 


be intercepted by the 
t tha 


house, and 


Which was below the ti 
ind 
The 
the 


house 


ip Wa 
vegetabl« 
had 


sewer 


growth, thick. other 
old 
pipe, i] 


quality 


perhaps 1 in. 
had been 


displaced 


no trap ind Ventilating 


now being This old 


though 
and 


conveying practically the same 


quantity of house sewage, had almost a 


clean surface due to the constant current 


Which passed through it, 


growths 
down to a minimum. 
The 


the necessity 


writer cannot suppress the tl that 


ought 
slime di 
the 


ample 


for letting the bacterial 


minish at Birmingham 


would 


resting filters, 


by 


perhaps not arise if more tir cur 


the beds. 


lsewhere 


rent were allowed to pass through 


Similar indications are found also ¢ 


Certainly, more definite and 


tion than is 


consistent informa 


now available this point would 
that it 
experiment 
contact beds 


filters by the de 


on 
be valuable, and it is 
obtained at 

Air 


oO sprinkling 


hoped may be 
some of the 


to 


Stations 


is supplied sand and and 
ecending sewage 


W here 


ground, a 


them. 
the 
the wind 
the beds 


through 
built 


percolating sprinkling 


filters are above further aera 


the 
certain 


tion is produced 
Wind 


tilating 


by striking sides 


blowing has a 


effect, 


over 
but 
and 


ven- 


ymnly if there is a free open- 


ing elsewhere, when 
a current c established. 
supply, the quicker is the 
the the the 
therefore, an antagonism be 
the 


one, 


by suction 
freer the 
The larger 
We 
extent of 


pressure or 
The 


oxidation 


an be air 


pores, freer is circulation have 


the 


air 


tween 


bacterial surface and freer 


the 
Experience 


supply, be- 


cause larger the the smaller is the 


other must yet determine’ the 


minimum air supply, together with the minimum 


that will be idvisable to ob 


facts 


bacterial surface 
tain the most satis 
A cheap 


obtained 


ry results 
tive 


use of 


by 


ind effec method of 


by the 


1eration 


ventilating hoods held 


towards the wind vanes, and discharging the 


into drains, which should be 


the 


sand 


tir trapped and 
sealed 
filter. 


ive, 


so rise¢ 
this 


smaliness 


air will upwards through the 
not effect- 


unevenness 


In filters method is 


because of the and 
of the interstitial in broken ston 


As the ra 


sand 


while 
free. 


slower in 


channels, 


these channels large and 


are 
of percolation is much 
than in broken 


supplying a 


filters 


stone filters, such 


sufficient quantity of air is not as 
necessary in the f 


Air for 
has 


rmer aS in 


ed into the underdrains 





resistance vnen escapin 


surface within 6 or S&S ft than 
unit. It 
more 


ind 


when striking against the side of 


is, theref 


the 





re, likely to be 


the 


dispersed uni- 


formly through mass of the stone 


effective. A c 


conclusion 


will 
Dr 
from 


be more 
Rideal’s 


ght 


alculation based 
that 


material 


on 
indicates 
winds there is a 


the 


even 
benefit to be 


gained when air is conducted into the under- 


drains Along this 


line also some irefully as 
certained practical data on a large seale are 
desirable 
The air supplied to the sewage by absorption 
during the time when it is sprinkled upon stone 
beds from jets or nozzles is slight. Dr. Rideal 
Says that to convert the nitrogen of sewage into 
nitrates, about one-half gallon of air must be 
continuously supplied for every gallon of Eng- 
lish sewage. ‘This explains,” he says, “the com- 
parative failure and frequent collapse of filter 
beds in large masses by having an insufficient 
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iir supply Dr. Fowler calls attention to the 
fa that exposure to air is only effected when 
t is exposed in shallow layers and for a con 
derable le of time, and that aeration by 





iny system of spraying would not at all be 
idequate because one gallon of water, even 
iturated with oxygen, contains only about one- 


fifteenth of the required amount. 


The absorption would be proportional to the 
urface exposed to air, and proportional to the 
time of such exposure. The fine dust-like spray 


from the sprinklers of Europe, no allows 


doubt, 
of more 
the 

exposure 


thicker 
The 
few 


air absorption than our 


quantity of sewage 


streams 
time of 


seconds, 


for same 


While sprinkling, is but a 


but it is minutes or hours before 


filter, 
ibsorption on first exposure is satisfied 


sewage 


per- 


through a and the avidity of 


colates 


1] 
il 


_ Wwe 


in the interstices of the bed, particularly when 


1 stones are large, as in the open air. 


Length of Time of Percolation. 
existed a 


liquid 


surface 


mentioned above that there 


It was 


fixed relation between the amount of 


sewage per person, and the bacterial 





which would give it any desired degree of oxida 
tion and, therefore, of purity There exists a 
simliar relation between that amount and the 
time during which the sewage is exposed to 
bacterial action. 

While experience has given us some data re- 


gurding the necessary time, the information is 
ill insufficient in In the 


several first 





respects. 


place, the time which is necessary depends upon 
whether or 


the character of the sewage, as to 
j easily decomposed; and 


secondly, depends upon the temperature, to be 


presently mentioned 
The 


lement 


character of the sewage affects the 


time 


quite materially As there is a fairly 


definite relation between the required time for 


1 certain quantity 
with 


the 


of sewage to percolate 


hrough filters different sizes of grain, it 


evident that ivailable time required for a 
filter will largely determine the 


given char- 


icter ind extent of preparatory treatment 


filter 


before the sewage reaches it The preparatory 


Which is imperatively required for that 


treatment will be dis 


Dunbar 


ussed in a later 


data 


paper 


gives some regarding 


Important 
ind the 


For a depth of stone of one 


the time of percolation, conversion into 


i purified effluent 


meter, ten minutes were sufficient; for a depth 
of one-half meter, five minutes sufficed; for a 
depth of 20 ems, 26 secs; and for a depth of 
only 10 ems., or 4 ins., 12 secs. were enough to 
allow purified sewage to appear. We have 


other cata which are confirmative of a puri 


fication within a very few minutes, understand- 


ing that this purification here 


effluent. 


implied means 


merely a non-putrescent 


Dunbar explains this rapid purification by say- 





ng that the dissolved ranie matter is ex- 





tracted by the bacterial film, held back by 
it, and not until during the following period of 
rest is it decomposed and oxidized. He bases 
this explanation on his theory of absorption of 
the dissolved organic matter and also of oxygen 
in sufficient quantity to oxidize it. He gives in- 


formation t the 


oxygen 


proving th 
the 
process causes a 
the 
While being 
, 


takes place 


process creates a 


vacuum due to absorbed, as the 
plenum and 
evolution of 


absorbed de 


inaerobic expan- 


ve pressure due to 


hydrogen 


ompounds. -OMposi- 


There cannot be any doubt but that the dis 
solved organic matter is in contact with the 
bacterial film, and that oxygen is withdrawn 
from the air during the process But there does 
not appear to be evidence to prove that the dis- 
solved organic matter is held back until “the 


following rest” 


before it is 
limited to a 


period »f oxidized, 
minutes. 


the 





unless this time be few 


Dunbar apparently does not give data as to 


actual time required for the conversion 


Oxidation, no doubt, takes place continuously 
within the pores of the filter if an available ex- 
ess of air is present. It does not stop while 
the sewage is percolating, unless the pores are 


completely filled by the liquid. The Birmingham 


Spray acts continuously for yeriods, and 
) ; I 


long 
purification is going on just as continuously. 

The 
is absorbed by the 


organic matter in solution passes over and 


bacterial film. The amount 


thus absorbed becomes greater as the thickness 
of the film increases, to a certain limit. The 
structure of the film, according to Dunbar, re- 


sembles starch, as already mentioned, and can 


the 
action. As 


therefore expose liquid to a 
the 


more 


very large in 


ternal surface of tilm becomes 


thicker, the bacteria becomes 
and the 


ripening the 


numerous, 
action be 
filter. 


‘comes more intense, thus 


In the 
on, 


same measure as the goes 


absorption 


there must be a corresponding giving-off of 


the nitrified liquid, or other products of bac- 
terial activity. The two processes must balance 
each other Absorption cannot continue per- 
petually, without a corresponding excretion. 
The bacterial flora, by their avidity for oxygen, 


cause the excessive absorption beyond what 
would take place if the material were sterilized, 
and the absorption of oxygen ceases when 


sterilization is complete, or when the supply of 


oxygen is exhausted. 
If we 


to accomplish 


assume a time element as being necessary 


this result, we must necessarily 
the liquid in the 
hold back 


This 


have a < 
filter 


orresponding storage of 


pores, just as we need basins to 


sewage for sedimentation or septic action. 


storage in the filter bodies must, however, of 
necessity, be considerably less than the space 
ccupied by the interstitial water, and perhaps 


tt more than the non-drainable water on ac- 
count of the lack of storage space. It is, there- 
fore lifficult to see how any storage by ab- 
sorption in a sprinkling filter could be main- 
tained for a long. time. Nor does it, from 
other indications, appear necessary to assume a 


long period of storage, if the filter is ripe, if the 


and if the 


Suspended 


bacterial surface is 
applied 


certainly 


sufficiently large, 


sewage is a liquid. matter 


requires a longer 


time for conversion 


but a liquid can be at once attacked and altered. 
If the sewage is not in a liquid state, this short 
time will not suffice to oxidize it. If the filter con- 
sists of coarse-grained material, any solid sus 
pended matter not held back by adhesion may 
pass through unoxidized, and either escape intoa 
vater-course in this condition, or require an 
after treatment. In sand filter the solid sus 
pended matter is strained out and held back at 
the surface where it can readily remain days, 
weeks and months, until the complete decom- 
position takes place, which circumstance is one 


of the practical advantages of sand filtration. 
More information than we now have is needed 
to give with fair exactness the time required for 


different degrees of purification of sewage 


carry- 


ing a practical minimum of suspended matter, 


sprinkling filter giving 
effluent to 


from a few minutes in a 


1 non-putreseibl perhaps days ina 


fine-sand filter giving an effluent free from bac- 
eria and one which is drinkable. 

The speed at which water percolates through 
a filter depends upon two things: First, upon 
the friction which increases as the size of 


grain and interstice becomes less, and secondly, 
upon the amount of sewage discharged upon the 
filter. 

Last year there was published, as a paper in 
the Proceedings of the Institution of Civil En- 
gineers, a valuable contribution on this subject 


by William 
titled Percolation 
Mr. Clifford set 

experiments the 


Clifford, Assoc. M. 
Beds.” 


out Lo 


mst... 'C. ene 
“On 
ascertain by certain 


time of percolation through 


lean material of various sizes, from -in. to 1 
in. in diameter. He gives a formula which may 
be written 

1 

t= —-, 

cR 
in which t time of percolation; I interstitial 
water; R rate of sprinkling, and ¢ a con- 


stant, 0.031 for Imperial gallons. 
Mr. Clifford finds that a bed of fine breeze 
3 to %-in. diameter of grain, 6 ft. deep and 


sprinkled at the rate 200 Imp. gals 


per sq. 


yd. 


per day, about 16 hours for contact 
gravel l-in. to *4-in. diameter of grain, of 
same depth and 
for contact, He 


lik 


allows 
Course 


the rate allows only about 44 


minutes assumes for 


English 


sewage minutes contact, as giving a good 


non-putrescible effluent. The time of percola- 
tion was found to vary directly as the amount 
of interstitial water, i. e., the greater the rate, 
ithe greater is the amount of water in motion 
Large doses at long intervals were found to 
sive less time for percolation than small inter- 
mittent doses, or light continuous spray with 


uniform distribution; and further, the product 
of time and rate of percolation for any one grade 


of material was found to be practically constant 


We must also record the further fact that the 
degree of sewage concentration has an effect upon 
the necessary time which must be allowed for 
percolation. <A dilute sewage requires less tim¢ 


than a concentrated 
that the 
nearly per capita of population contributing sew 
age to be oxidized than per 
Which carries the polluting 
It would, therefore, be intelligible to 
late the information per 
per quantity of sewage. 


the 
time 


one, and evidence is 


conclusive necessary varies more 


quantity of 
matter as 


water 

sewage. 

more tabu- 

respective capita than 
Temperature. 

As the process of purification is an organic one, 
it is necessary to provide the 
conditions for bacterial action to take place. 
temperature must, 
the freezing point 
shown, both in 


most favorable 
The 
therefore, be as much above 
as practicable. Results have 


Europe and here, that below 40 


F., the bacterial activity can be reduced to less 
than one-half of that observed at summer tem- 
peratures, and correspondingly lengthening tie 
time for oxidation. This would mean that more 
than double the bacterial surface might be re- 
quired to tide over such cold periods. 

No purification takes place, of course, when 
sewage freezes, but fortunately we do not find 
onditions in the temperate zone where sewage 


cannot be kept from freezing. So long as it can 


high to 
ver may have 


flow, its temperature 
it upon the 


formed, the 


is sufficiently 


carry 
beds, and after an ice ec 


Sewage continues to flow beneath it. 

In the north of Europe sewage farms have 
operated successfully, and even the sprinkling 
processes have not been seriously affected, al 
though no exact measures seem, as yet, to have 
been established. Nevertheless, there is a zone 
in our country where it becomes a question, yet 
to be decided by estimates of cost, whether 
housing or covering a filter bed will not suffi- 
ciently increase its minimum work to more than 


the 
Undoubtedly, in the colder latitudes more time 
must be allowed 


latitudes, 


pay for protection. 


on the average than in warmer 
which 
bacterial 
obtained by 


means an increase of the neces- 
surface of a filter. This may be 
giving the bed a greater depth, or 
by decreasing the diameter of grain 
the size of the pores, so as to 
temperature of the 
the may, 
more thorough preliminary treatment. 


sary 
and corre 
spondingly 
the 

duction in 


con- 
serve which re- 


however, 


sewage, 


size of grain re- 


quire a 





AN INTERESTING BRIDGE BUILDING 
s reported from a country district in the upper Missis- 
sippi Valley. A hew bridge of about 75 ft. 
span was needed, and the county authorities let the con 
tract, under the Engineer's plans and specifica 
When the contractor brought the work to 
site he found thet it too short to go in 
bridge The Board of Supervisors sent a 


INCIDENT 


steel road 


County 
tions, steel 


the was place 


on the seats 


special committee to look at the bridge. A local paper 
reports the outcome thus: 

The finished span was found lying near the piers, 
ready for use, but inadequate to the purpose for which 
it was intended. * * * The commissioners made com- 
plaint that the bridge builders had not met the &peci 


fications. 

* The contract contained a clause thet any dis 
pute relative to the construction of the bridge and its 
acceptance should be left for final decision to the engi 
neer. It was under this clause that the matter was set- 
tled, although it was first feared that the township 
might become engaged in a law suit, the question at is- 
sue being close. 

The bridge builders finally decided to consent to 
lengthen the middle panel of the span in order to meet 
the requirements, the reconstruction to be done at their 
expense. 

All concerned expressed pleasure and approval of the 
prompt acceptance by the contractors of the conditions. 
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All franchises for public-service corporations 
required by statutory provision to be adver- 
tised for in California. The usual 
cedure, as we understand it, call for sealed 
bids and to name an upset price in the call. The 
new charter for Berkele Cal. Eng. News, 
March 25, 1909), contains many provisions which 
are to safeguard the public in matters 
of franchise grants. sesides calling bids on 
the of percentage of gross receipts, the 
charter provides that after the bids are opened 
and made public a further chance shall be given 
for competition. The bidding in such cases must 
advance by at least 4 of 1% the highest 
bid already offered, and further advances must 
continue at the rate. This plan seems to 
have much to commend particularly since 
the bidding need not be to those who 
have already submitted 

A provision of the 
think commendable 
railway companies 
and for 2 ft. outside 
a relic of the days 
railway company naturally 
the paving which its 
The best authorities 
franchise requirement 
it tends 
a franchise; 
importance, 
constructed and 


are 
sale pro- 
is to St 


(see 


designed 
for 
basis 


over 


same 
it, 

confined 

bids. 

do 


street 


which not 
one requiring 
the streets between 
rails. This is really 
cars, when a 
to provide 
motive power must use. 
now agreed that this 
unwise: First, because 
to the of 
perhaps more 
work 
the 


As to putting up franchises at auction, or 


charter we 


is so is 
to pave 
of their 
of horse street 


desired 


are 

is 
value 
of 
should 
city. 


confusion 
second, and 
all paving 
maintained by 


create 
and 
because 


to as 


be 


any 


other means of securing a municipal revenue 
from public-service corporations, the question 
arises whether it is not better, where practicable, 


to give the patrons of public-service corporations 
the benefit of the best and lowest-priced service 
possible, instead of trying to turn money into 
the municipal treasury. This is not so easy to 
3 arrange in the case of street railways as with 
a other public-service corporations, in view of the 
stereotyped 5-cent fare of this country. Never 
theless, we think the subject is one deserving 
careful attention on the part of municipalities 
and public-service corporations alike. It is al 
































ready being given consideration by many stu- quarrel with the authoritic He w buried in 
dents of the subje¢ IS25 on a farm in Maryland vher iis body 
A great advantage of the compensation-in-ac was removed last 
cordance-with-gross-revenue scheme is that is Although the nt cer . ‘ D 
automatic in its assuring to the public some of Verbial ingratitude of republic they re \ 
the advantages of increased patronage of ily ustrate not only lesirability bu 
public-service corporations. Street railway fares h practic ty ) V-plat ¢ Maj 
and charges for lighting, water and the like can L’Eenfan Was a geniu in his w | ’ 
not be easily altered except at considerable in t he present cities of _Washingtor id De 
tervals, Moreover, the danger is that unless roit, which he also planned, offer concer root 
these intervals are rigidly fixed in the franchises, Conceived in an age when modern mu! pra 
they will be altogether too long. Still further ecessities could hardly have been dream o 
it is to be noted that, except where efficient state hese two cities to-day are models of mut pal d 
public-service commissions exist, the chances are sig The wide streets of varying width, the nun 
that provisions for adjustment of rates will not rous parks, the broad avenues rad ng f 
be exercised with intelligence on the part of the t nter, the ¢ nanding publi building 
community. The whole subject is one demanding th nvenier stre¢ naming, are all now it 
far more attention than it has yet received uded ij the em s f th ty-planne 
—e- ruil they were all a part of th theory \ \ 
On April ZS the President and the Vice-Presi this French engineer officer app { to his pr 
dent of the United States, the Ambassador from e. al which has survived through a century 
France to this government and a distinguished nak models of the ities where 
gathering of citizens, convened in the rotunda sed The success of L'Enfar LOU it tool 
of the Capitol at Washington to do rather tardy nearly hundred year to b 1 , : j 
honor to the remains of one of the early engi- should eneourag ho cities where ty | 
neers of the republic—Major L’Enfant, to whom x or replanning is in prospect 
is due the plan on which the city of Washington 
is laid out. In 1825 L’Enfant died near the — age ee . x 
city which he had planned, a disappointed and Official Investigation of Railway Accidents. 
almost unknown man. During the past S4 years The subject of railway accidents and their in 
his body has laid in an all but unmarked grave. vestigation is brought to public attentio n 
At the last session of Congress, however, an by an interesting paper recently read before 
appropriation was made for the erection of a Western Railway Club by Mr. W. L. Park, G 
suitable monument to his memory in the National eral Superintendent of the Union Pacif Ry. Th 
Cemetery at Arlington overlooking the capital paper is abstracted on another page of this ue 
city. The ceremonies of last week, at which The Union Pacific has recently adopted a radi 
addresses were made by prominent officials of illy new policy in connection with serious ac 
this country and France, were a part of the rites dents occurring on its lines This policy is, i 
incident to the transfer of the body to the site brief, to make public the facts in connection wi 
of the monument in Arlington. the accident, as determined by an official investi 
Pierre Charles L’Enfant was born in France in gation This investigation is made by a board 
1754, and was educated in her military schools made up chiefly of officials of the tilway, but 
In 1777, when a lieutenant of engineers in the With one or more members selected from outside 
French army, following the lead of some of his sources. As a rule, some zen of prominence 
more distinguished colleagues, he offered his s chosen. In one case a couple of retired army 
services to the American colonists. In that irmy ifficers served on a board of inquiry; at anothe1 
he was a brave and efficient officer. For three me a former superintendent of the Chicago & 
years he was in active service in the southern Northwestern Ry. was a member of the board 
campaign until at the battle of Savannah he These outsiders are given a place in order to as 
was severely wounded and then captured by the sure the publie that the investigation is impar 
British. After his xchange for a Hessian tial. 
officer, he returned to Washington’s command T new practice by the Union Pacific sa 
and in the following impaigns displayed mili- al departure from the time-honored custom 
tary engineering skill of a high order. After the Which has prevailed on practically all railways 
termination of the war, L’Enfant returned to of covering up everything in connection with 
France and there engaged in the practice of his accidents and concealing it from the public Phe 
profession until 1791, when, at the express in reason which has been assigned for the secretive 
Vitation of President Washington, he returned policy relating to accidents is that any inforn 
to this country to superintend the laying-out of tion given out by the company’s officers is likely 
the new capital city, then recently authorized to be used against the company in damage suits 
by the federal Congress It was shown by Mr. Park's paper and by i 
In the planning of the capital city it is prob- discussion upon however, that progressiv 
able that three men shared the responsibility railway officers realize that the old policy so long 
and should share the credit: Washington, who followed has been a mistake It is recognized 
in his three-fold capacity as President, engineer that the public has a certai: to know the 
and resident of the Potomac country, undoubt- real facts concerning any grave disaster involv- 
edly was the court of last resort by whom all ing serious loss of life Of course, this publi 
plans had finally to be approved; Ellicott, the right is recognized in the law, in tl prov 
American engineer, who was really the first made for oroners’ investigations ut need 
city engineer of Washington, and L’Enfant, fresh irdly be said that such investigations ar i] 
from the cities of Europe and the municipal and most always a mere farce, so far as the deter 
engineering reforms of the Directory. To mination of the real facts is concerned. 
L’Enfant is undoubtedly due the credit fo The Union Pacific is be highly commended 
originating the wonderful plan of the city He for its new departure On the other hand, we 
had the marvelous foresight to provide for a cannot so fully agree with one of the main argu 
city of 200,000 at a time when the largest town ents which Mr. Park brought forward as a rea 
in the country had but 40,000 people. The city son for the adoption of this new policy. He re 
which he laid out on hills of virgin forest and ferred to the recommendations of the Interstat 
fruitful farms corresponds so closely to the latest Commerce Commission, that official investigation 
map of Washington that a detail study is needed of accidents be made by government authorit 
to tell where changes have been made. ind strongly deprecated what he termed the 
For a number of years L’Enfant worked at his “meddlesome public interference in erating 
ambitious scheme and founded the city as it matters with which we are now thr enenall 
now stands, but a certain intractability of tem According to Mr. Park, one reason for the b 
perament, mixed no doubt with political jeal- lishment of this new policy of publicity b 
ousies on the part of his enemies, brought him Union Pacifie is that the public demand for offi 
into disfavor with the American Government cial investigations of accidents by governmen 
and he was dismissed from the service with officers may be counteracted. 
what, to his mind, was entirely jnadequate It seems to us that this is a most unfortunate 
recompense The remaining years Of his life position. The ‘ident investigation recom 
were spent in retirement and in almost constant mended by the Interstate Commerce Commission 
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repeated annual reports would actually be to force, from the highest official to the lowest em dom and expect from them reliable solutions 2f t 
t ntage of the railway companies as well as ployee. such a problem, any more than you could choose 
f interest to the public. We cannot but feel that The present law requiring reports of accidents engineers at random to build a great railway or P 
Mr. Park’s opposition, and the opposition of other to the Interstate Commerce Commission is of exploit a difficult mine or plan a vast sewerage ( 
raiiway officers who hold similar views, is based trifling benefit. When the law was enacted in system. ' 
ui misapprehension and misunderstanding. What 1901, it was urgently desired that the law should The root of the difficulty with our internal 
he Interstate Commerce Commission has recom- take such form as would permit real, expert in- waterway development of the past is that it has 
mended is practically to establish an expert in vestigations to be established. It was through been a matter of haphazard growth. The en- 
vesligation in this country, similar to what has the influence of prominent railway officials, un- gineer has seldom had a chance to plan on broad 
long been established in Great Britain We find less We are much mistaken, that the law was lines and when he has made plans there has been 
this recommendation heartily approved in a re- emasculated, and the opportunity for the estab- no assurance that the plans would be carried ou 
cent bulletin issued by Mr. Slason Thompson, of lishment of a proper system was allowed to pass before the whole work became obsolete. 
the Bureau of Railway News and Statistics of by. We believe that our railway officers have At the present time a huge campaign for water- 
Chicago. Mr. Thompson, at the conclusion of his learned wisdom in the past ten years, and it way improvements is in progress. Paid lecturers 
pamphlet, makes the following definite recom- ought to be possible at the present time to secure are going about the country circulating false 
mendations: the necessary legislation in Congress to bring and most foolish statements regarding the pub- 
halk Canebens: greets ter an altel taveaibaniion ot ibout what has been so long urged by the Inter- lic benefits to result from expenditure on water- 
ull railway accidents in the United States on lines pat state Commerce Commission. ways. The newspapers teem with similar state- 
terned after the methods so successfully adopted in the cde ments. There is grave danger that the nation 
United Kingdom. It should be a Bureau of the Depart will be plunged into an abyss of debt for waier- 
ment of Commerce and Labor, compesed of Public Expenditure for Inland Waterway way construction. Many interests conspire to 
mn : aaa aeeinanis one for each of the groups into Improvements. ze = ai sors es Prag Pas = ees 
ost influential banks in New York recently 
which the country is divided, in railway statistice, ap- We present to our readers in this issue several jssued a circular in which it urged that the 
cmneag from U. 8. A. engineer service with rank of rors describing work for the improvement of Nation should issue at least a thousand million 
Three Deputy Inspectors for each grou; navigation on inland waterways. In view of the dollars in bonds, because it was wealthy and 
Three Assistant Inspectors for each group present public agitation for waterway improve- prosperous enough to afford to pay the interest. 
Three Sub-Inspectors for each group ment, these papers are especially timely and From such financial and economic heresies 
Several groups might require four inspectors of each important and are worthy of careful study. heresies put forth with the motive of private 
class and as many could get along with only two The two papers describing work to benefit nav- gain—may the Nation be delivered! 
The various kinds of accident hould be apportioned igation on the Tennessee and on the Cumberland One of the dangers which constantly beset the 
pistes the dicuat tases — aaa, their ease stain rivers are written from two very different stand- Nation and the states is the expenditure of 
ney ire in reat ritalr ind the quire shouid yi 


points; but the facts recited in both papers make public money on unwise projects. And any pro- 
it clear that the policy of river improvement ject is unwise unless it will return a resultant 
We need hardly say that Mr. Thompson will pursued in the past—if it could be called a policy benefit proportionate to the expenditure. The 


low without delay as they do there 





not be accused of being opposed to railway inter- -has been wasteful and absurd. Briefly sum- question ‘‘will it pay,’’ is the one that ought to 
ests, or of promoting legislation which could in marized, improvements to benefit navigation on be settled and settled with the aid of experts, 
any way be construed as “‘meddlesome interfer these rivers were planned soon after the war, before the taxpayers’ money is spent. And if 
ence” with railway operations. when railways and other means of land trans- the proof is not forthcoming that a project will 
The fact is that present-day investigations of port in the South were almost wholly lacking, pay, directly or indirectly, it had better be aban- 
accidents, whether conducted in secret as is usu and when the river steamboat was still a very doned. There are ways enough in which public 
illy the rule, or conducted with publicity as Mr. important factor in the movement of internal money can be profitably spent and for which ex 
Park proposes, fall far short of what is needed traffic penditure is urgently needed, without undertak- 
for the benefit of good practice in railway opera- Year after year for nearly two-score years the ing any quixotic schemes. 
tion. Mr. Park himself admits that a good many work has dragged along and is not even now We need hardly say that Engineering News Is 
of the accident investigations now conducted completed. The result is that notwithstanding not opposed to waterway improvements whert 
amount to very little. The regular operating some spasmodic attempts to modernize the plans, they are planned and executed on proper lines 
fficers are busy with routine duties which must the improvement work appears to be obsolete be- and are justified by commercial requirements. 
be attended to and cannot spare the necessary fore it is completed. Many millions of dollars of We are opposed to frittering away the public 
time to do such work well. Further than this, public money have been spent, but the traffic to money on alleged waterways which serve no 
the men who make the investigation are often justify the expenditure is not in sight. purpose other than to secure the expenditure of 
those who are, directly or indirectly, more or less That public work carried on in this fashion is public money in a certain Congressman’s dis 


he accident. Most a lamentable waste of public funds has been trict, or to benefit some private owner of water 


responsible for the causes of t 


important of all, however, is the fact that acci- many times pointed out in these columns and = power or to make business for a contracting 
dent investigation is a special line of work. A elsewhere; but error has often been made [™_ firm 
man of long experience in this work, such as placing the blame for this waste. ,It is the sys- We have alluded above to the work for naviga- 


Col. Yorke, one of the expert investigators of the tem that is radically at fault, rather than the tion improvement on the Cumberland and Ten- 
British Board of Trade, will find the causes of an men who have administered the system. The nessee rivers. If the country is to have an in- 
obscure accident where the average operating individual officer of the Corps of Engineers is  telligent policy of waterway improvement then 
official would often be completely puzzled and powerless to effect a change and the individual investigation ought to be made to determine 


give it up as a mystery Congressman is almost as helpless. The public whether under present-day conditions any im- 
Probably the opposition of Mr. Park and other has not in the past and does not to-day look to provements of these rivers can be made to pay. 
railway officers to the proposed bureau of acci- the Corps of Engineers to originate or recom- Manifestly it is folly to spend vast sums of 
dent investigation is due to the idea that the mend plans for waterway improvement. It aoes money building locks and dams on these rivers 
work of investigation would be a mere routine not even welcome the advice of these engineers unless commerce is going to make use of them. 
clerical matter, turned over to employees un in reporting upon offered projects. Each city And traffic will not seek the rivers unless they 
familiar with railway practice Certainly such and each district wants to boom the waterway offer on the whole a cheaper route than the rail- 
investigations would be a farce, and an injury schemes in its own locality; and many an en- ways. 
rather than a benefit But we know of no reason gineer officer has made himself unpopular be- We are aware that the stock argument of the 
to expect that the law would be executed in such cause he could not as an engineer approve some waterway enthusiast is that the waterway is a 
manner. What would doubtless be done would of the schemes brought forward in the district profitable ally of the railway because it carries 
be to select from the ranks of railway officers where he happened at the time to reside. the coarse bulk freights and leaves the railway 


themselves a number of men, with thorough Instead of blaming the Corps of Engineers for the high-class freights which pay a high profit. 
knowledge of the different departments of rail- failing to develop an efficient system of internal The unfortunate thing about this stock argu- 
way work, such as Signaling, engineering and waterways, we feel that many members of the ment is that it is not true. The railways of this 
methods in the traffic department These men Corps deserve great public credit for the efforts country make their greatest profits from hauling 
would do well and efficiently what is now done they have made to make the best of a bad sys- those very same bulk freights. Of course, if a 
crudely, or not done at all. tem, and for the influence they have exerted to waterway can move freight at less cost than the 

An additional argument for such a system of prevent expenditure of money on works which railway, as can undoubtedly be done on the Great 
iccident investigation is its influence upon disci were manifestly unwarranted. Lakes or on the ocean, the railway has to be 
pline Mr. Park in his paper frankly recognizes It is sometimes claimed, we are well aware, content with such traffic as it can get, and has 
the difficulties which are encountered at the pres- that such matters as this of waterway improve- to meet the competition as best it may. 





ent day, in training and disciplining the operat- ment are for business men to decide and that Even under such circumstances the railway 
ing force. It would be a distinct advantage If a the engineer should merely take a back seat un- usually secures considerable traffic, for the great 
livision superintendent, for example, could be re- til he is ealled upon to execute whatever bulk of inland freight business originates or 
lieved from the duty of fixing upon a certain sig- work may be decided upon. We wish to reg- ends at points remote from waterways. Unless 
nalman the responsibility for a mistake, and ister emphatic dissent from that proposition. The the distances to be moved are great, it seldom 
could simply use the official record by an impar- problem of economic transportation is an en- pays to transfer a shipment from a car to a 
tial investigator as the basis of his action. The gineering problem. For its intelligent solution a boat and again to a car to complete the journey. 
liability to such investigations would be a spur broad kif¥wledge of engineering is essential. Of But it is said that the railways of the coun- 


to vigilance on the part of the whole operating course one could not pick out engineers at ran- try are unable to keep pace with the growth of 














May 6, 1909. 


ENGINEERING 


NEWS. 





499 





traffic and that waterways are a necessity to 
prevent congestion on the railways Before we 
accept this argument at face value let us in- 
quire about this alleged congestion of the rail- 
ways of the country. It is not apparent as yet 
in this year of 1909, nor was it in 1908. We 
should not make the mistake of taking the ab- 
normal conditions at the climax of the boom of 
1906-7 as typical of the railway situation. 
Again, even when the boom of two years ago 


its height, it was only a small percent- 
age of American railways which were unable to 
handle all the freight that offered them. 


The congestion was really a scarcity of cars and 


was at 


was 


locomotives and in some cases a clogging of 
yards and terminals, which can be and in many 
cases has been remedied by better administra 
tion and better methods. 

One of the stock arguments of the waterway 
advocates is the work which has been done in 
Europe in the development of internal water- 


ways. It is argued that the United States ought 
to embark on similar projects for waterway im- 
provement. 

Before we accept this argument, however, care- 


ful and unprejudiced inquiry ought to be made 
as to the difference in conditions between the 
United States and foreign countries. In this con- 
nection Col. Townsend’s paper in this issue on 


the improvement of the Upper Mississippi River 
is of very great interest. The Mississippi River, 


from St. Paul to the sea, is and has been for 


many years a waterway superior in capacity to 
any river of Europe, yet traffic upon it has 
dwindled year by year. In the discussion upon 
Col. Townsend’s paper, the fact of falling off in 
traffic was freely admitted, and it was stated 
that the river commerce now is confined prin- 


cipally to short distance traffic. The important 
traffic from manufacturing centers and the pas 
senger movement has dwindled to a large extent. 
In discussing the reasons why traffic does not 
seek the waterways here as in Europe, Capt. 
Wm. V. Judson offered the following explana- 
tion: 

been declining on the 
regardless of the fact that the river 
half to two feet deeper than it was 
formerly; that is to say, nearly twice as deep as it was 
in its original state. 

We are often confronted by such facts in Ameri- 
can river improvements I have an explanation of this 
situation in mind, which I more or 
rect. We al! know that commercial 
abroad were built before 
rally these cities located on water 
munication, and many the 
water transportation Large amounts of money 


that has 
liver, 


is a and a 


It appears 
Mississippi 


commerce 


foot 


our 


believe is less 


the 


cor- 
cities 
Natu- 
com- 
neces- 


most of 


the days of railroads. 


were lines of 
conformed in ways to 


sities of 


were spent in improving the streams before railroad 
building came along. 

Abroad the continent is cut up politically into small 
portions, and railway trunk lines are, as a rule, short 
Economies in railroad transportation have not been in- 
troduced abroad to the extent that they have been in 
this country. On the other hand many of our American 
cities have been built or have developed since railroad 


construction began, and have conformed in their de- 
velopment to the necessities and conveniences of rail 
transportation. It is to be expected therefore that we 


should find much more traffic on shallow interior water- 
ways in Europe than in America. 
With regard to the great public discussion we are 


having now with reference to inland waterways, I must 


t 


confess it seems to me that many of the great projects 
advocated are, to say the least, of an experimental char- 
acter, without sufficient promise of satisfactory com- 
mercial results. I am not prejudiced against waterways, 
and I know there is, from an engineering standpoint, 
most interesting work to be done in the improvement 
of rivers. 

Great systems of internal waterways were projected 
some fifty years ago, but in many cases, after large 
expenditures, it was shown that these waterways would 


profitable and the schemes were abandoned to a 
extent, which I think Yet there seems 
to be danger thet this will have to be 
learned over again 


not be 
great was wise. 
same lesson 
that Capt. Judson’s statement 
deserves the consideration of those who 
would give really fair study to the question of 
Examine conditions in 


It seems to us 


serious 


waterway improvement. 


American factories and warehouses and you 
will find them located almost invariably on a 
railway siding. Often railway tracks run all 


through a manufacturing plant. In Europe, on 
the other hand, waterway terminals are is 


where to be found. T 


he 


American 


manufac- 


turer will not send goods by water when he can 


load or unload directly 
factory. 
steamboat wharf 


that 


own The cost 
would 


saving 


ma 


often 
water transportation 


railway car 
of trucking to or 
neutralize 


could 


in 
from a 
all 
effect 


his 


the 


Much more might be said, but the above should 


be sufficient to show 


take European 


that 
precedents 


may not 
waterway 


safely 
con- 


struction as a guide in our own policies without 


the 
countrie 


considering also 
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difference 
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e& know the ertex and the ordinates of one point and 
» be a case where that formula can be used 
idvantage Yours truly, 
E. E, Greenwood 
wwhegan, Me., March 16, 1909 
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The Improvement of Our Waterways ; with Spe- 
cial Reference to the Tennessee River. 


Sir The unexpected and phenomenal development of 

our natural resources during the past decade resulted 
uch congestion of railway traffic as partly to para- 

lyze industry, and the inability of those in authority 
adequately to prepare for and meet the emergency has 
directed the public attention as never before toward 
our inland waterways as a source of relief 

The ituation was clearly voiced by the late Senator 
Morgan of Alabama, Chairman of a select Congressional 
Committee in the following words 

The enormous tax upon industry and commerce that 
is assessed by the railroads to pay interest and profits 
on these investments, and the just control of these assess- 
ments by competition, is directing the hopes of the 
people toward water transportation as the only certain 
and permanent relief that is in the reach of the powers 
of Government or of the people 

During the past December a National Rivers and 
Harbors Convention memorialized the Congress to issue 


and forecasts upon which waterway improvement must 
always so largely rest. Furthermore, they have failed 
to grasp the great underlying fact that each stream is a 
unit from its source to its mouth, and that all of its 
uses are interdependent. 

In concluding, the President left no room to doubt his 
fixed belief as to the unwisdom of the assignment of the 
army engineers to such duties, and stated in the follow- 
ing words: 

So with the improvement of our rivers, it is no longer 
wise or safe to leave this great work in the hands of 
men who fail to grasp the essential relations between 
navigation and general development and to assimilate 
and use the central facts about our streams. 

The President justified this indictment by reference 
to the 
“improvement” of the Ohio River, which began in 1824, 
was continued under a single plam for half a century. 
In 1875 a new plan was adopted and followed for a 
quarter of a century. In 1902 still a different project 
was adopted, and has been pursued at a rate which 
only promises a navigable river in from 20 to 100 years. 

The Ohio is only one of many where the same story 
of uncertainty, prodigal waste and lack of results might 
be told. 

THE IMPROVEMENT OF THE TENNESSEE RIVE’ 

The history of the improvement (7?) of the Tennessee 
is one which almost challenges belief in the lack of 
preparation for so great a project and the futility of 
accomplishment. Up to June, 1908, $7,507,245 had been 
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MAP OF THE TENNESSEE RIVER. 


ponds of the Government in the stupendous sum of five 
hundred millions of dollars for the improvement of the 
Nation's waterways. This popular demand had several 
years before been anticipated by Senator Morgan’s Sena- 
torial Committee, which declared that ‘‘we are at the 
beginning of the improvement of our great internal 
system of navigation,’’ and realizing the magnitude of 
the undertaking, it urged that the greatest care is 
needed to establish its proper adjustment, ‘so that its 
usefulness shall keep pace with the growth of the 
country, and its results shall be one of the chief 
glories of the Republic.” 

tjeside advocating the expenditure of a sum so vast 
as to stagger the imagination and to tax seriously the 
mighty resources of the Nation, the Rivers and Harbors 
Congress further advises that the United States Corps 
of Engineers be given authority to formulate and pro- 
pose to Congress plans and projects for river and harbor 
improvements. Shortly after these recommendations, in 
his annual message to the Congress, with other sug- 
gested legislation, President Roosevelt urged that in 
the matter of our inland waterways, action should be 
begun forthwith: “‘Action which will result in giving 
not only navigable rivers but navigated rivers.” In 
characteristic style, the President made the positive 
statement that millions of the public money have been 
spent heretofore without result and with a _ steadily 
decreasing waterborne traffic accompanied by an in- 
creased traffic congestion on land. This waste of the 
public funds the President declared to be due to “‘short- 
sighted, vacillating and futile methods,’ and held that 
“the remedy lies in abandoning the methods which have 
so signally failed, and in adopting new ones in keeping 
with the needs and demands of our people.” 

That the President radically disagreed with the Rivers 
and Harbors Congress in the recommendation that future 
waterway improvement be entrusted to the Engineer 
Corps of the Army was a matter of surprise to most 
well-informed persons, the general belief being that 
Mr. Roosevelt indulged a decided bias toward the mili- 
tary establishment. Nevertheless, in the message quoted 
there appears a most scathing and severe arraignment 
of the past practice of detailing the Corps of Engineers 
to civilian duties, the contention being that not only 
has the result proven a failure to give inland navigation, 
but was injurious to the army efficiency as well 

As to the future work the President held that the 
military engineers are 


necessarily unsuited by their trainings and traditions 


to take the broader view and to gather and transmit to 
the Congress the commercial and industrial information 


expended upon this stream for construction work alone, 
while $1,075,066 was used for operating and the care of 
the Muscle Shoals Canal, one of the features of this 
project. In a report to the Chief of Engineers, in 1901, 
Col. Henry M. Robert, after an inspection of the river 
from 50 miles below Knoxville to the mouth, during 
which this officer found it necessary to change boats 
frequently “‘because of the disconnected improved parts,” 
significantly says: ‘‘The work done heretofore below 
Chattanooga is of little value at present and will remain 
so until the river as a whole is improved,’’ and this after 
some seven millions of dollars had been expended upon 
the section alluded to in the report for “improvement” 
work commenced seventy years before! 

The Tennessee River is formed by the junction of the 
French Broad and the Holston rivers just below the city 
of Knoxville, Tenn., and empties into the Ohio River 
near Paducah, Ky., a Aotal length of some 653 miles. 
This with its tributaries constitute a system of water- 
ways of over 2,400 miles, draining a populous area of 
about 44,000 square miles. The low water discharge at 
Knoxville is estimated at 26,250 gals. per sec.; that at 
Chattanooga, some 60,000 gals. per sec.; while at its 
mouth the low water gaging gives 75,000 gals. per sec. 
of flow. From Knoxville to a point some 30 miles below 
Chattanooga, the Tennessee flows nearly south, between 
the mountains of east Tennessee; there it breaks through 
the mountain chain at Hale’s Bar, and flows west for a 
distance of 230 miles, through Alabama to Riverton, 
where it enters a broad valley of West Tennessee; 
thence, northerly and parallel to the Mississippi for a 
distance of 226 miles, to its junction with the Ohio. 

For convenience, the Tennessee has been subdivided 
into the sections above Chattanooga; a section from 
Chattanooga to Riverton and that below Riverton, Ala., 
to Paducah, Ky. Above Chattanooga, the depth of the 
water varies from 10 to 30 ins. at the tow stage, with 
an average slope of 0.956 ft. per mile, and current rated 
at 6 miles an hour in some places. This section of the 
river is obstructed by rock reefs, boulders, gravel bars 
and snags. In the middle section the average slope is 
1.5 ft. per mile from Chattanooga to Scott Point (17.5 
miles), thence 0.4 ft. per mile to head of Muscle Shoals 
Canal, then 2.73 ft. per mile to Riverton (62.5 miles). 
Below Riverton to Paducah (226 miles) the average 
slope of the river is 0.34 ft. per mile, and this stretch 
is navigable at nearly all seasons of the year to the 
usual river craft. 

The improvement of the upper river contemplated a 
3-ft. stage at all seasons of the year; for the middle 
section 5 ft. of water was proposed; while no definite 





plan has been announced for the lower division, although 
6 ft. is provided for at Colbert Shoals. 

According to a late report by Maj. Wm. W. Harts, 
Corps of Engineers, above Chattanooga the maximum 
draft that can be carried at mean low water over the 
shoaliest places is about 18 ins., the present project 
being to maintain the navigable waterway by the re- 
moval of minor channel obstructions and the repair of 
existing works of regulation. Between Chattanooga and 
Brown's Ferry, just below Decatur, the river is ob- 
structed by bars, boulders, reefs and rocky projections, 
the worst division being between Chattanooga and Hale’s 
Bar (33 miles.) At this point, under authority of Con- 
gress, a lock and dam is being constructed by private 
parties as an industrial development, which will sub- 
merge all existing works and provide at least 6 ft. of 
water at Chattanooga, at the low stage. This project 
is intended to develop some 60,000 HP., and is now 
well under way. 

Under a former project, the river below Decatur, and 
known as the Muscle Shoals section, was improved at 
Little Muscle Shoals by some channel work, and by the 
construction of a lateral canal in two divisions, one on 
the left bank about 3.5 miles long with two locks, 
around the Elk River Shoals; and the other on the 
right bank about 14.5 miles long, with % locks, around 
the Big Muscle Shoals. 

This Government Canal is the most important feature 
of the attempted improvement of the Tennessee River, 
and was undertaken by the State of Alabama under plan 
of United States officers in 1831. National aid was given 
through the dedication of the proceeds from the sale 
of 400,000 acres of the public lagds. The original pro- 
ject contemplated the canalization of the river at this 
point for a distance of 14.5 miles, 60 ft. wide, and to 
overcome a fall in the river of some 8) ft. within the 
distance through the use of 17 locks, each 120 ft. long 
between sills and 32 ft. wide. 

The original work cost $700,000, but because of the 
limitation to navigation from the shoals immediately 
above and below, proved of so little value to commerce, 
that the tolls for traffic failed to provide a fund suffi- 
cient for its maintenance, so that it gradually fell into 
disuse; the wooden locks rotted away; the main canal 
filled with silt, and a flourishing growth of willows and 
cotton wood destroyed all possibility of navigation. 

During the year 1875 the National Government under- 
took its rehabilitation under a new plan of construction, 
providing for a canal practically over the same ground, 
but to be operated with 9 locks, 60 ft. wide and 300 ft. 
long, with an established depth of 5 ft. of water at the 
locks and 6 ft. at other points, the main trunk to be 
from 70 to 150 ft. wide. At the same time a canal of 
1% miles with 2 locks of like dimensions was projected 
to pass the obstructions offered by the Elk River shoals, 
separated from the Muscle Shoal works by some 8 miles 
of open river. 

After 15 years these later works were completed at a 
cost of upward of $3,000,000, but as with the original 
project, effective service is prevented by the unimproved 
sections above and below. In 1890 the plan and estimate 
of a board of Army Engineers provided for a further 
expenditure of $4,000,000 for the improvement of Little 
Muscle Shoals and Colbert Shoals, which work is at this 
time in progress. 

One of the principal features in the structural details 
of these works as far as completed is a steel viaduct 60 
ft. wide and 900 ft. long, spanning Shoal Creek, a trib- 
utary entering the river at that point. In the latter 
part of March, 1902, a portion of this structure was 
destroyed by floods, preventing navigation for three 
months, and its repair cost some $17,000. This viaduct 
is reported to be ‘‘a constant cause of anxiety” and “the 
steel plates that form the trunk of the viaduct are al- 
ready weakened by oxidation in many places. In these 
places the rust has eaten away one-half the thickness 
of the plate within the period of about 15 years since 
the viaduct was constructed. As no way is known to 
prevent such decay, it will result in the destruction of 
the plate inside of 20 years, when the cost of repair 
would equal the original cost of construction.”’ 

Under the plans adopted by Congress, the depth of 
water over the several miter sills of these locks was 
fixed, as has been stated, at 5 ft., but as a matter of 
fact, through the bungling and error of the engineers 
in charge, the minimum depth of the lock at the lower 
end of the upper canal is only 2.2 ft., while the two 
locks at the extremities of the lower canal show a depth 
of 2.8 and 3.6 ft., respectively, of course limiting naviga- 
tion to the shallowest depth. But omitting defects of 
details, and considering this canal project broadly, the 
list of boats navigating this canal, exclusive of Govern- 
ment craft, averages from 12 to 14, of which only 2 are 
over 100 tons burden, and only one is engaged in through 
trade, during a limited portion of the year. 

The value of this last improvement, costing upwards of 
$3,000,000 for original construction and more than 
$1,000,000 for operation and repair may be gathered 
from the uncontroverted statement of Mr. Frank S. 
Washburn, President and Consulting Engineer of Muscle 
Shoals Hydro-Electric Power Company, a corporation 
desiring to utilize the immense power of these shoals, 

in his communication to the Board of Engineers ap- 
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pointed under the 
Act of March 2, 
Mr. Washburn’s 


Provision of the River and Harbor 
1907, to consider this project. In part 
argument was as follows: 

Not only is the 
stands as a 


Muscle Shoals Canal obsolete, but it 
positive block to the adoption of such de- 
vices and methods in transportation as are absolutely 
necessary in this latter day to meet successfully the 
requirements as to celerity and low cost of transporta- 
tion. The immediate physical limitations upon ; 
capacity and practicability are the excessive length of i 
shallow and narrow tortuous channel and the excessiv 
number of locks; contributing to these difficulties during 
the low water stage of the river is the great leakage and 
the small flow of water into the head of the canal. ... 
The lack of depth is a most apparent and unquestioned 
limitation upon the usefulness of the canal in a broad 
sense. . The largest boats very often have to tie for 
hours on account of wind, for they cannot attain suffi- 
cient headway to give them steerage power. Usually a 
locomotive is used to assist in keeping the boats off the 
bank during high winds . From this it is clear that 
had sufficient depth, if such boats as 














even if the canal 
are used on the Ohio River attempted to bring their 
tows through Muscle Shoals Canal, it would require 


something in the neighborhood of two weeks to pass the 
canal, and that if this were attempted at periods of low 
water, it would be impossible for the canal to accom- 
modate any other commerce for two weeks than the sin- 
gle tow boat and its fleet of barges. 

select Com- 


Referring again to the Senate report, the 


mittee concludes that 
the improvements that have been made have already 
reached the limit of usefulness and they are in fact, 





obstructions to a great volume of commercial values that 
remain dormant where it was created by Nature 
The duty first to be performed and the manifest 
sity in respect of the navigation of the Tennessee River, 
is to remove and submerge all obstructions between 
Knoxville and Paducah. 


neces- 


Thus would disappear not only the Government Canal 
at Muscle Shoals but the new works under con- 
struction and estimated to cost four millions of dollars. 

On the upper reach of the river, from Knoxville to 
Chattanooga, in 1871, the cost of its improvement for a 
8-ft. stage of water as estimated by the U. S. Engineers 
was $225,000. This was revised by them in 1898 to 
$946,000 with a later estimate in 1907 of $1,709,152.85 
In view of the radical and progressive increase perhaps 
the decimal might, have been omitted! 
However, this since the 
latest from the 


now 


with propriety, 
may, after all, be 
officer in ch: 


immaterial 
rge reports, 





there seems to be some 
liver above Chattanooga 
regulation so as 
importance. The 
shows that the 
so great was 


In the light of experience 
question whether the Tennessee 
can ever be satisfactorily improved by 
to provide for a commerce of national 
history of the estimates for this work 
economy of the system would not be 
formerly hoped. 





made for years 
and the this stereotyped phrase first 
appearing in the annual report for 1891 of General 
Thomas L. Casey, Chief of Engineers, and reiterated in 
1892-1893-1895-1896 1897 by 
follows: 


this after the 
recurrence of 


And expenditures 


and succeeding officers as 


improvement of the Tennessee River, so 
navigation continuous for boats of mod 
by no means an impossibility. 


The radical 
as to make 
erate draft, 





of the Senate, alluded to. 


unaware of 


The select Committee before 
in its report to the 
this pronunciamento, or the 
from contributing to its 
making this dream come only 
Senate for the 
improvement of this waterway and endorsed by it 
from “an able and experienced man who has spent fifteen 
years in practical work on the Tennessee in the central 
and western divisions. 

Since the withheld it is a fair 
assumption that the plan proposed and recommended did 
not emanate from the Engineer Corps, 
especially since of the eleven army officers in charge of 
the lower river improvements during the past 18 years, 
the longest single term of assignment to this service was 
1895 one of these 
the glittering generality of continuous navi- 
impossibility,’’ ete., ad- 


Congress, was either 
Army E 
enlightenment 
true, 
Committee 


ers refrained 





their plan for 
since the tangible 
suggestion to the systematic 


came 


gentleman’s name is 


any officer of 


four years. In officers, although also 


holding out 
gation “being by no means an 
mits that 


The improvements attempted at many of these places 
have proved abortive because the localities have been 
worked on independently. In so far as the work has been 
confined to removal of boulders and snags, it has been 
successful. but excavation resulting in change of condi- 
tions of flow is very dangerous to attempt in river 
improvement unless long reaches above and below have 
been mapped, profiled, measured for discharge and thor- 
oughly studied beforehand. Without such preliminary 
study hoped-for improvements from excavation is more 
apt than not to result in developing obstructions at places 
which were navigable before. 


Even to a layman, such preliminary surveys and 
studies as will systematize and co-ordinate the work 
appears a first necessity, and yet in the same report 


this officer calls attention to the fact that even as late 
as 1891 such data are lacking . “although many 
detached surveys exist, which are now being patched 
together. A continuous map and profile with discharge 
measurements taken at different stages of 
sadly needed for the whole river below Chattanooga. A 
comprehensive and logical plan for the complete improve- 
ment of the river will only then be possible.” 

And this after 37 years of continuous improvement (7?) 


water, is 


and the expenditure of upward of eight millions of the 

public funds. 
Who shall say 

time for 


that the President is not right ‘‘that the 
playing with our waterways has passed.” 

Very truly yours, 
James Nisbet Hazlehurst, M. Am. Soc. C. E. 
Bldg., Atlanta, Ga., March 8, 1909. 


_ — 


Candler 


Surface Retardation in Open Channels. 


Sir: In the issue of April 15 of Engineering News, 


appecrs a summary of the conclusions reached by A. H. 
Gibson in a monograph, ‘‘On the Depression of the Fil- 
ament of Maximum Velocity in a Stream Flowing 
Through an Open Channel 

Mr. Gibson's observations were evidently all made on 


harrow ¢ 





where the disturbances due to rough- 
midstream. In very wide 
it is unlikely that this is more than 
a minor cause of the surface retardation. The filament 
in wide channels is but little below 
1iddle portion of the stream. There 
sonable in assuming that, beyond the 
strip bordering the bank (to which the phenomenon Mr. 
Gibson has observed is limited), the surface velocity is 

yater, 
surface film offers 
velocity throughout 
with the more fluid 


ess of the sides were felt in 


rivers and channels 


of maximum veloci 








the surface, in the 


nothing 


unre 


retarded simply by the friction of the air on the 
that the 
in adjusting itself to differences in 
width, 


and the greater resistance 


its Jurse and compared 





rior portion. 
The fact that the friction of the surface 
in empirical formulas for the 


only 


is neglected 
flow in open channels is 
small compared with the 
uncertainty of the coefficients of friction used to deter- 
mine the resistance offered by the bottom and sides. 
The so-called ‘‘friction coefficients’’ used in formulas to 

channels are much over- 
usually applied in and often are 
mede to cover losses of head due to varying cross-sec- 
tion, minor obstructions, and alinement changes, besides 
disturbances. In artificial channels, such 
as flumes and lined canals, where the section and aline- 
ment can be maintained, the friction losses are determi- 


allowable because it is 


velocity in 


determine 


open 


worked as practice, 


the surface 


nate withi working limits, separate from other losses 
of head; but the flow in channels which are free to 
adjust themselves to the conditions of changing flow, 
such as rivers and artificial channels in earth, does 


division of the lost head. 
Yours truly, 
Winfield Holbrook. 


not <edmit of such exact 


April 19, 1909 





Is an Engineering Education a Foundation or a 
Finial ? 

The writer has been particularly interested in the 
er’s salary and qualifi- 
these two subjects 
lend some encouragement to the struggling. 

Let me say at the outset that an engineer is a practi- 
‘‘survival of the fittest.”” An en- 


Sir: 
recent letters regarding an engi 





ons and trusts that his views on 





cal application of the 





gineer’s is the foundation upon which his 
future is and a college education may be classed 
as the finial that completes it. 

But just as a house is habitable without the finial so 
it is uninhabitable without some foundation. The engineer 
of experience can successfully follow his profession 
without a college education whereas the college grad- 
uate cannot without the experience. 

As a rule, with notable exceptions, however, the col- 


idea of men and 
affairs by an consequence 
feels that he is ill-treated when he fails to make a big 
splash upon the presentation of his diploma. Engineer- 
by men who can do things and not by 
men with imaginary qualifications. Is the self-educated 
engineer of experience to be looked down upon by mem- 
profession a college grad 
is a college graduate any better qualified to 
engineer because he hes a diploma? In the first 
education of the engineer is being slowly built 
up of solid matter only re- 
tained. In the second instruction is dumped 
into a receptive or non-receptive brain and must be dis- 
carded as time goes on and experience demonstrates. 
Fifteen years of continuous application is the minimum 
time for any engineer to think of looking at his salary 
in preference to the work which he is engaged. 
In spite of this, colleges are turning out men as en- 
gineers only look at the 
have not the 


mistaken 


‘ent and as a 


lege man is supported in a 


indulgent | 





ing work is done 


bers of his because he is not 
uate? Or 
be an 
case the 
perfect knowledge and the 


case the 


upon 


immediate return in sal- 
natural abilities to fill an 
These men have absolutely no no- 


practical 


who 
ary and who 
engineer's 
tion as to the 
full of 
of any 


position. 
side of engineering and are so 
make incompetent on work 
character, until they have cleared 
burden. It is this unloading 
engineer and the salary is small 


theory as to them 
responsible 

minds of this 
that makes the 
during the making. 

There will be no good engineers 
since the man who is to be a good engineer is one who 
has the courage to keep everlastingly at it every day 


their pro- 


cess 


over-production of 


and all day year in and year out and stand upon h 
feet through all discouragements In time he will be 
called upon to give to the world a monument to |! 
everlasting credit or discredit in the form of some work 
of engineering and then will the life of the engineer 
be started along that mythical path of roses or ended in 


oblivion. 
Benjamin L. W 


East Orange, N. J., April 24, 1909 

[If our correspondent were better informed as 
to the work of the engineering colleges, we think 
he would agree that an engineering education 
may be more truly likened to a foundation on 
which the superstructure of experience is to rest 
The self-educated man deprived of the lege 
training may nevertheless become a successfu 
engineer, but he will have to put in the founda- 


tion of sound theory as he builds the 
ture of experience if he is to attain highest. rank 
as an engineer. ! 


superstru¢ 


Those who do this deserve all the 
more credit, and only men of small mental stature 








would think of “looking down on them.” ] 
More Advice to Young Engineers. 
Sir: The earnest inquiries of a ‘“‘three year old” in 
your issue of March 4, have not been treated with the 


respect they deserve. The young man has not 
kindly treatment at the hand of his older 
the engineering profession. There has been evident ir 
all the letters a spirit of levity that the writers shoul 
be ashamed to exhibit. They are no doubt all 
ful row and willing to make light of their own struggles, 
now happily past, and forget how serious the same things 
were viewed by themselves not so many years ago 

My dear “‘three years old,’’ I am almost a “twenty-five 
year old’’ and my period of hard times is still too fresh 
in my memory to permit me to pass you by without try 
ing to give some comfort. I have paid a high price for 
the information I hope to be able to give you and when 
I was a “three year old’’ asked the questions you are 
now asking of your older brothers. I did not ask them 
through the columns of Engineering News, a paper I have 
always revered, but I went to three men who were then 
about the age I now have reached. They treated me lik 
gentlemen and it was made plain to me that after all each 
man must answer himself the questior 
the future and his Kismet 

I graduated in a dull year from a 
high standing. No man in this 
lowed the life of a civil engineer can te 
periences than have fallen to my lot. Many have had a 
bad but none worse, unfortunate 
devils dropped into thank 
God, attacked me. I cheered by the 
presence of as ever had 
small family is one of might be proud. 
My work has and in all my 
seeking that 


sition.’” As the years went by and I reached the 


received 
brothers in 
1 
| 
1 


success 


} 


he raises about 


ou 
prospec ts. 


chool of not very 





country who has fo 


l me worse ex 
except mayhap 
drink 

have 
wife as 


those 
who That one curse, 
never been 


good a man and my 


which any man 
varied 


beer travels I was 
elusive will o’ the wisp ‘‘a permanent po- 

dead 
> 


line of age, 35 years, my hopes vanished; and now tha 





the permanent position has come, it came as a urprise 
It was totally unexpected but my vearied experience ha 
made of me a valuable man to my employers. Few of my 
jobs heretofore have lasted more than six or eight 
months. Yet a big bundle of letters proves that I never 


lost a position through incompetency. My past employ 
ers will also tell you that I never left them in the lurch 
during the last few weeks of the closing up of work, to 
go to another or to a better job. 

The situation is this in the engineering field: An en 
gineering education is the modern educational al. That 
is all. In the early days of civilization, the kings and 
rulers did not go to school. It 
clerks and who studied 
came less strenuous, it became the fashion to send young 





was their servants, the 


priests Finally, when life be 
men to colleges and universities and a 
was to be 
complishment, no effort was made to give them a cours¢ 
of study different from that 
literary men. In the present era the aim of all « 
tion is 
gineers, a number of young men study engineering simply 


their education 


never intended anything but an elegant ac 


given to the priests and 





intensely utilitarian Unfortunately for the en- 


because education is cheap and they have had ich a 
good time at the high school that they naturally want to 
put in a few more years having a good time, so they 


go to college It happens that their parents insist 
their getting an education they can turn to account after 
graduation and the majority take the engineering courses. 

This is no fancy picture. I have 
learn why so many fools enter the profession 


upon 


been interested in 


trying to 











and so ask every young engineer whom I meet, wt ha 
took up the study of engineering. By actual count, 312 
have given me the reasons given in the foregoing para- 
zraph. I have no doubt that if every gineer in the 





country goes at the young men in the manner in which 
I have gone at them, he will get the same result 

This rush towards the engineering courses is helped by 
the cheap magazines with their wonderful stories of im- 
possible engineers and contractors. A great many young 


men who should have taken the literary course at college 
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ofte: e le ha that « iay ibe r bu hat you kee out f det your future i issured 
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The Undermining of a Reinforced Concrete 
Retaining Wall Founded on Piles. 











Om March 4, 1909, a portion of the reinforced- 
merete retaining wall holding back one bank 
of Cherry Creek, as it passes through Denver, 
Colo., was undermined and so injured that it has 
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Cross Section 


FIG. 7. 


become necessary to replace a section some 70 
ft. long. From information placed at our dis 
posal by Mr. Charles W. Comstock, M. Am. Soc. 
Cc. E., of Denver, have prepared the folow- 
ing account of the accident. The amount of money 
and small, but the evils in- 
cident to insufficient footings and possible under- 
mining in saturated earth are just as evidenc as 
damage had been greater. 

Fig. 1 shows a section through the wall. At 
other points along the river, a counterforted 
wall had been built, but in this portion the ribs 


we 


labor involved was 


though the 


had been omitted with a view to economy. The 
wall, however, had been correspondingly 
strengthened, in its section and reinforcement. 
All reinforcement is of twisted square rods. The 
conerete, under examination, shows a hard com- 
pact mixture of excellent quality. The hemlock 
piles varying from 10 to 16 ft. long and of a 
maximum butt diameter of 10 ins. are spaced in 
groups of two, 12 ft. c. to c. in the line of the 


wall. 
The bed of Cherry Creek is of sand overlying a 
of irregular 


is at the 


laminated shale most 


At 


clay 
this shale 


thinly 


urface. places visible 


creek bottom and at very short distances away 
will drop to as much as 25 ft. below the sand 
level. Just above the point of initial break in 
the wall, there is one of these changes in level, 





where a nearly vertical ledge of rock drops off 
some S ft. in a line diagonal to the line of the 
wall (Fig. 2). During the past winter a dredge 
had been scooping sand from the creek bottom 
and dumping it behind the completed wall and 
by the first of March in working upstream had 


reached the lower elevation, or downstream edge, 
of the The fill behind the 
wall at this point reached to about the elevation 


above noted ledge 


of the top of the wall. 

About this time some warm weather started 
a thaw in the upper portion of the drainage area 
and caused a small flood in the creek, which, in 
washing over the ledge was thrown with some 
force against the retaining wall at the end of 
the ledge. This wash soon undermined the 


wall and left it supported only by piles project- 
ing several feet above the sand they penetrated. 
It 


happened that one of the front piles at this 
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SECTION THROUGH REINFORCED-CON CRETE RETAINING 
WALL, CHERRY CREEK, DENVER, COL. 


mais 


section was driven only about four feet to the 
bed rock which was very high at this point. Th 
sand was soon washed completely from around 
this pile leaving the wall there unsupported. The 
additional load thus thrown to the idjacent 
piles crushed and shattered their tops so that 
the wall sagged about two fet in the middle of 
the washout. The top of 
the wall swung three on 
four feet out of line to- 
ward the creek, but wa 
held from complete col- 


longitudina 


Valedictory Dinner to Prof. George F. Swain. 


Former 


students of the Massachusetts Institu 
f Technology joined i i complimentary dinner 
» Professor George F. Swain at Boston on th 
vening of April 450. Prof. Swain, who leave the 
Institute shortly to become Professo1 if Civi 
kenginees ~ at the new Graduate Sehool of Ay 
I d Science at Harvard University, has been or 
the faculty of the Institute ntinuously for 2S 
years, beginning in ISS1 as Instructor. In that time 
he has earned the esteem and affection of all who 
studied under him, in an unusual degree, and 
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FIG. 2. 
(Water is 4 ft 


reinforcement It remained in this condition un- 
til removal previous to the reconstruction. The 
accompanying Fig. 38 shows the break after the 
damaged portion had been removed The wall 
weighed about 1,800 Ibs. per lin. ft ind the 
earth filling on the base added about 3,000 Ibs. 
more. It is probable, from the appearance of the 
wall on either side of the break (Fig. 3), that 
the horizontal thrust was sufficient to throw ail 
of the load on the outer, or creek side piles, in 


Which case each of these piles was carrying about 


29 tons. When the short pile noted particularly 
failed, the adjacent piles must have carried 
about 43 tons each, a load that would account for 
the shattered tops. 





Fig: S$ 


Break Retaining Wall 


stream or West 


in 





Looking Down- 





LEDGE IN BOTTOM OF CHERRY CREEK. 


deep, dry bottom shown 314 ft 


ibove water, making ledge 7% ft. deep.) 
dinner resulted from a desire to give expres 
sion to this appreciation Some 75 men gathered 


iround the tables. Addresses by prominent grad- 


uates of the Institute told of the sentiments of 
Prof. Swain's fellow-students and pupils toward 
him. The speakers included 

The toastmaster, Mr. J. Waldo Smith, Chief 


of the Board of Water Supply, New 





York City; Mr. Charles A. Stone, ’SS, member of 
the Corporation of the Institute and member of 
contracting firm of Stone & Webster, LBos- 

1; Prof. Alfred E. Burton, Dean of the Insti 


‘harles T. Main, ’76, of the engineering 





rm of Dean & Main, Boston; Mr. George W 
Kittredg ‘T7. Chief Engineer of the New York 
Central & Hudson River R. R.; Prof. William Z 
Ripley, "00, of Harvard University; Prof. Charles 
M. Spofford, '95, who is to succeed Prof. Swain 
at the Instit Mr. Frank L. Locke, 'S6; and 














Prof. Swain himself 
TI toastmaster, after expressing regret that 
Prof. Swain is to leave the Institute, said 
Harvard University has chosen wisely in selecting one 
ho has been ich an inspirat oh issociate ’ 
well a oh idents I have ever known any on 
ho could so well b out the best that there 
he He has left } mark on every work that he ha 
1 ke 1 I tudy of water powers for the Tenth 
Census of the United State n his work of teaching 
engine of he Ma huse Railroad Comn 
¢ mem be of the Bosto Tran Comm o 
lo rious other committe ind commissions, includ 
gz the National Conservation Comn on of wl h he 
now a member; and as president of several engines 
1 educatic | associatio ind societies 
M equa i W 1P Swain date ba ’7 year’. 
n whe he retu 1 to the in ute a 
ctor From the begin g ha bee eviden I 
he h made a udy of human nature, and that he 
po bi é of } ile 1 
i h hey d themsel ve 
o oft ! ist it engineer lave 
iking or carrying ou ins for i 
engines k rhe enginee ho r I be 
) I t ed to pe ‘ lan irge 
i r d ertaking Many such oje now 
ome under the contro politicia In my experi 
r e most politic jans are honest men, but need nd woul 
welcome competent advice uch as well-trained engineers 
re able to give them I believe that engineers should 


take a much more prominent part in public affairs and in 
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he management and control of public works The great 


roblem of municipal government must be worked out in 


Mr. Stone, speaking as a member of the Cor- 
poration of Massachusetts Institute of Technol 
ogy, told how, when the executive committee 


ieard that Prof. Swain meant to resign, he had 


been delegated to urge him to reconsider. He 
had found 
however, and fully convinced that the best inter- 
ests of himself, of the Institute and of Harvard 


made the change desirable. 





Swain fixed in his determination, 


Prof. Burton spoke as an old associate, having 
joined the faculty of the Institute in 1882, a year 


ifter Prof. Swain. He referred especi: 





Prof. Swain’s ability to maintain a high stand- 
ird of work among his students, and to his influ- 
ence, in the faculty, toward progress and toward 
idvancement of the Institute, its courses and its 
methods. He remarked that it would not be a 
compliment to Prof. Swain to anticipate that, of 
all the structures he has designed and built, the 
greatest—the Institute’s Civil Engineering de 
partment—would fall down on his departure. 

Mr. Main and Mr. Kittredge, fellow-students of 
Prof. Swain, eulogized his excellence as a stu- 
lent Mr. Kittredge remarked that, though the 
youngest of his class, Prof. Swain had been so 
far above the rest as to be virtually in a class by 
himself, and yet there never was any jealousy 
on the part of his classmates. 

Prof. Spofford and Mr. Locke, students under 





Prof. Swain, spoke of his work as a teacher. 
Prof. Spofford said: 

At time when Prof. Swain returned to the Institute 
is an instructor, no man in the country was better 


fitted. by training, education and ability to teach struc- 
res than he The work of bridge design was then 
largely in the hands of bridge company engineers who 
were not thoroughly grounded in the theoretical side of 


the work and they naturally followed the lines of least 









esisté ated by previous practice. Prof 
Swain work has been to show that correct theory 
ind good practice always go tog r During the rly 
year of his teaching there were few students, little 
money available, and no suitable corps of assistant In 
later years, however, the growth of the department has 


enabled him to devote most of his own time to instruc 
tion in the subject of structures How well he has done 
this is well known to engineers and needs no further 
testimony from me. 

Within the last few years it has been my fortune to see 


a good deal of the work of men trained in various engi- 
neering schools and I have found that Prof. Swain’s 
tudents have been far better trained in clear and con- 





i nking and in the broad principles of structural 
design than those from other schools. Prof. Swain never 
was satisfied with teaching structures alone, but con 
tinually preached broadness of training and showed 
students how to reason clearly and arrive at sound, 


honest conclusions, I. believe that such a training as 
1 matter of mental discipline would be as valuable to the 
young lawyer or divine as to the engineer. 

But the most interesting, perhaps, were the re- 
marks made by Prof. Swain himself in thanking 


friends for their expressions of appreciation. 


particular, he set forth his reasons for leaving 





e for a new sphere of work: 
My work at the Institute has been a great pleasure to 


me When I came here as an instructor in 1881, Prof. 





Vose was at the head of the department, I was the 


instruc 


tor; we were the whole teaching corps of the de- 
partment The first class to graduate after my return, 
n 1882, comprised but two students; the next year there 
ically continu- 





were three, and the growth has been pract 
ous since that time. Now the graduating class from the 
Civil Engineering Department numbers about 75 students. 
The engineering library, which in the beginning filled 

and is now, 
li} 


library in the United 





but one small bookcase, has grown similarly, 


I believe, the best engineering 


With this growth have c 





great many problems, 





both teaching and administration. With small classes 
it wa ] great deal of individual and per- 
onal the large classes, this is not pos- 

the class into sections results in 





ind routine work which is very 
wearing upon a teacher 

You are doubtless all asking why, after so many years 
istitute, I am willing to leave and go to another 
hool. This is a fair question and shall have an answer. 
There are three principal reasons: 

First: Change is a good thing, both for individuals 
d for institutions. We all get into ruts, and an oc- 





casional change is probably a help to every one 
Second: The changes in methods of instruction which 


are necessitated by the great increase in the size of the 


are not congenial to me. The amount of rou- 





ine work o great and it has become impossible to 
give the individual instruction which I believe is the best 
i mo effective method of teaching engineering stu- 
dent lo those who believe in the lecture method, 
c t ire no drawback, but I do not think that 
the proper method to follow in engineering sub- 
t In my new field of work, the school being a 
rictly graduate school, I will deal with much smaller 
classe While I regret that I shall not come in contact 
with so many men, I feel strongly the great need of 
oing more intensive work, which will be possible in the 
graduate hoo 
Third: Most important in my estimation, I believe that 





the work which the Harvard Graduate School of Applied 


Science is entering upon will do a great deal to ad- 
: 
vance the standing of the engineering profession. It is 





undoubtedly a fact that « 





neers do not receive as much 
espe as the members of the older professions. Cor- 
porations are frequently willing to pay large fees to law- 
yers, but grumble over paying much smaller ones to en- 
gineers. It seems to me that the position of the pro- 
‘ pends upon three factors: First, the inherent 





importance of its work; second, the standing of its mem- 
i 


required for the practice of the profession. Nobody can 


bers in the world, and third, the amount of training 





the work of the engineer is as important as 





so is that of many a man who is not engaged 
1 professional work. The standing of the members of 
depends in very great 
breadth of view, which 
brings us to the third point, the amount of training 


it 
the profession in the community 
d 





measure upon their training an 
required for the practice of the profession, as the one of 
prime importance in fixing the standing of the profession. 
In these respects the engineering profession has always 


occupied a lower place than law, medicine, and theology. 


Lock No. 3, Cumberland River. 


By WILLIAM W. HARTS,* M. Am. Soc. C. E. 

The recent completion of Lock No. 3, Cumber- 
land River, has served to draw attention to the 
progress being made toward the canalization of 
that stream. The project of improvement con 
templates the canalization of the river from its 
mouth in the Ohio, at Smithland, up to the con- 
fluence of its two forks in the neighborhood of 
Burnside, Ky., a total distance of 517.8 miles. The 
principal city on the river is Nashville, Tenn., 
and it was to facilitate the handling of traffic 
to and from this city that the system of im- 
provement was undertaken. With this in view 
work was commenced at Nashville, with the in- 
tention of extending it both up and down stream 
until completed. 

The earlier projects for improving the Cum- 
berland River by means of wing dams and dikes 
to provide for open-river navigation, although 
successful within the limits of their possibilities, 
did not give sufficient promise for year-round 
navigation, and the system of canalization was 
therefore adopted, about 1886, in order to fur 
nish adequate transportation facilities to the 
agricultural regions east of Nashville, which at 
that time had no railroad connections, and to 
open the river connection with the Ohio for 
year-round commerce. 

It was deemed best to commence the upstream 
portion first, and accordingly seven locks and 
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FIG. 1. LOCK NO. 3, CUMBERLAND RIVER, FROM BANK ABOVE LOCK. 





The engineer is in general respected more for his skill 
1an On account of his capacity or the power of his brain, 
nd in this is classed much the same as askillful mechanic 


It seems to have been generally admitted that no such 
is necessary as for the practice of the 
ns The first engineering school in this 
country was established in 1824, when there were several 
f law and medicine, and although the standards 
have been gradually raised, the four-year course is still 
considered all that is necessary for the practice of en- 
gineering, while our best schools of law, medicine and 
theology are all graduate schools, requiring a college 
yreliminary. 

In making its engineering school a_ post-graduate 
hool, I believe that Harvard has taken the greatest 
step that has yet been taken to raise the dignity of the 
engineering profession. [I do not feel that I could decline 
an opportunity to be connected with the first graduate 
school of engineering in this country, and one in which 
so great a work was to be undertaken. 

This schoo] will occupy a somewhat different field than 
that of the Institute. I believe that there should be no 
conflict d that there will be the heartiest cooperation. 
Harvard has left to the’ Institute the larger field of the 
four-year under-graduate course in engineering, which 
will always attract the largest number of students. Of 
course the graduate school does not always get the best 
men, and in the same way in some cases the best men 
do not get college training, but I firmly believe that 
the very best educational training can be given and can 
only be given in a graduate school. 
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We regret that lack of space prevents us from 
gziving a list of the engineers, educators and busi- 
ness men who made up the company on this no- 


table occasion 





dams were decided upon for the improvement of 
the river from Nashville to Carthage, at the 
mouth of the Caney Fork. It was thought that 
when these were completed it would be plain 
whether the increased navigation and develop- 
ment of commerce would warrant the extension 
of the plan to Burnside by the construction of 
the remaining 15 locks required in that distance. 
In order to provide needed boating facilities at 
Burnside, where the Queen & Crescent Ry. 
crosses the river, it was later decided to build 
Lock No. 21, which is now under construction. 
This will furnish a pool for mooring or storage 
during low water, and create a small harbor near 
the railroad connection. 

The locks below Nashville are designated by 
letters; those above by numbers. Locks 1 to 7, 
inclusive, have been under construction for many 
years, work on the first lock having been com- 
menced in 1888; but the carrying out of the 
project has been greatly delayed by the lack of 
sufficient and timely appropriations. At the 
present time, however, the masonry for all 
seven locks has been completed; the gates have 
been hung at all except two, and at these they 
have been delivered ready for erection during 
the coming season; and the dams have been 
completed at three of the sites and partially 
built at one of the others. Work will be under- 
taken this season on two of the remaining dams. 








*Major, Corps of Engineers, U. S. Army, Nashville, 
Tenn. 
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In the series below Nashville, one lock and 
dam, “A,” has been completed and in operation 
for about four years. All these locks are built 
of cut stone masonry, and have steel gates and 
timber-crib dams with sloping tops. 

The masonry for Lock No. 3 (Fig. 1) was com- 
menced in May, 1893, and completed in March, 
IS05. The gates were hung in August, 1908, and 
the dam was completed and the lock opened for 
navigation in November. The masonry walls of 
the lock were built by hired labor, at less cost 
and in less time than similar ones built by con- 
tract. The lock, abutment and dam are founded 
on rock. The dam (Fig. 2) is a double-slope, 
timber-crib, rock-filled structure, the construc- 
tion of which required the concentration of effort 
at low-water stages, since the closure of a river 





Opinions of Foreign<Engineers on the Value 


of Forests for Preventing Erosion.” 


Authorities are pretty well agreed—indeed, they may 


be said to be almost unanimous—as to the desirability 


o 


f protecting the forests on steep mountain slopes in 


the interests of navigation. At the Tenth Congress on 


I 
q 


nternational Navigation, held at Milan, in 1905, this 
uestion was discussed, and the reporting engineers were 


unanimous as to the benefits of the forests As this 


foreign testimony may be of interest in connection with 


t 


f 


his discussion, showing as it does the dependence of 
he interests of navigation upon the preservation of the 
orests, it may be worth while to give extracts from 


some of these reports. 


I 
t 


Mr. Lafosse, the French delegate, says: 

If the destruction of forests is to be deplored, it i 
nost of all on the mountain that the cutting away of 
imber is to be feared; It is not alone the supply of 
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Up Stream Elevation 


The dam is to be filled with broken stone. 

Pens of dam to be 10 ft. c. to ec. lengthwise of dam 

limber to be long-leaf yellow pine, 10 x 10 ins., unless 
noted. 

Blocks all 2 ins. long, unless noted. 

Lower slope and apron sheeting to be laid with gaps of 
1 in. between successive pieces. 

Lower slope sheeting to have one 16-in. drift bolt at each 
stringer 

Apron slope sheeting to have one 18-in. drift bolt at each 
stringer. 

Upper slope sheeting 3 ins. thick to have two wrt. boat 
spikes % 6 ins. at each stringer. 

Upper slope sheeting 2 ins. thick to have two wrt. boat 
spikes % x 8 ins. at each stringer. 

Breast slope sheeting 3 ins. thick to have two wrt. boat 
spikes */;, x 5 ins. at each of three stringers as shown. 

Breast slope sheeting 2 ins. thick to have two wrt. boat 
spikes °/;,5 x 7 ims. 

Steel plates 36 x % ins. x 6 ft. to have three % x 8-in. 
spikes at each 2 x 12-in. and two % x 8-in. spikes 
in each 8 x 10-in. piece. 

Timbers to have at each intersection and at each end one 
18-in. drift bolt, unless noted. 

Stringers in upstream face to break joints at center of 
pen and be fastened to 2-ft. block below with one 
28-in. drift bolt. 

Stringers to be 30 ft. long. 

Ties to be 16 and 24 ft. long, as shown, unless noted. 


must be accomplished at the period of least flow. 
All the materials for the dam were collected and 
ready when the time came for its construction, 
so that the work of erecting it required but about 
six weeks’ time. 

On this work Mr. J. S. Walker, Assistant En- 
gineer, has been engaged almost from its be- 
ginning. 

This lock and dam has been built at a cost of 
$264,060.48, distributed as follows: 


COST OF LOCK AND DAM NO. 38, CUMBERLAND 


RIVER. 

Land for lock and abutment................ . $2,578.93 
Lock (including excavation for foundations, 

cofferdam, pumping, temporary buildings 

and delays and loss due to floods and 

interruptions from lack of funds), 11,242 

cu. yds, stone masonry, at $15.74........ 176,966.68 
Abutment (including forms and cofferdam), 

1,643 cu. yds. of concrete, at $7.14....... ,733.50 


Guard wall (including cofferdam, pumping, 












forms and excavation), 907 cu. yds. con- 
ee eee nuded ath aweae os 7,511.96 

Bank protection (including grading, quarying 
and transporting rock).........-. waawe » 14 
RI <dn.cns + nneendntw ave Kpbtun tees Cake swears 2 20 
fates (about 210,000 Ibs., at approx. 7% ects.) 15,869.21 
Valves, maneuvering appliances, etc..... 3,424.49 

Excavation of lower approach, 13,950 cu. yds., 
OE TED Gi cc 66 av snbhines Qemegees ésion 1,925.37 
UNE ie dlawe ncesdiae dus nddsceketrnces $264,060.48 


COST OF DAM IN DETAIL, 


Excavation, 3,745 cu. yds. gravel and sand, at 
THA Cit. POT C6. FA. ccc sce bulged take oars 
Cribbing: é 
Lumber, 429,121 ft. B. M., at $28.57 per M. ft. 12,261.87 
Framing and placing, at $6.17 per M. ft...... 2,648.22 
Plates, nails, boat spikes and drift bolts 


$274.81 





(about $2.92 fer each M. ft. of lumber)... 1,254.19 
Rock fill: 
Rock quarried, 3,563 cu. yds. (solid measure- 
ment in place), at $1.20 per cu. yd..... 4,288,93 
Royalty, 3,563 cu. yds., at 5 cts.............. 178.15 
Towing, 3,992 cu. yds. rock, at 40 cts....... 1,599.89 
Placing, 3,992 cu. yds. rock, at 66 cts....... 2,627.75 


Earth backing: 


Sand and gravel, 5,320 cu. yds., at 8.34 cts.. 443.48 


P| rr rr TT eer Tere eT eee $25,574.20 
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the springs and the discharge of the streams which are 
in danger. It is the very existence of the rivers them 
selves. The stream which can be utilized disappears to 
give place to the: devastating torrent. 

The soil swept bare of its forests, exhausted by the 
abuses of grazing, loses quickly its vegetable stratum. 
Washed periodically, and carried away by melting snow 
and summer storms, it is soon disaggregated. The 
waters run toward the low points, rolling before them 
gravel and boulders, and even tearing out loose sections 
of rock. A thousand rivulets cut out beds, the torrent 
is formed. Scours begin, the banks are broken down 
and a mass of mud, stones and rocks invades the valley, 
destroying everything as it passes. 

Mr. Wolfshutz, a delegate from Austria, while admit- 
ting that excessive floods are not appreciably checked 
by forests, writes as follows: 


For economical reasons re-afforestations will have to 
be confined to the steeper mountain slopes which are of 
little use for other cultivation. Here the forest will 
have a beneficial influence by making the soil firmer 
and more compact and by preventing erosion and wash- 
ing down, and thus any excessive alteration and the 
formation of detritus which would shoal and silt up 
the water courses. Such forests further retard the 
melting of the snows in spring and lessen the violence 
of spring high water. It is thus advisable in the inter- 
ests of navigation to spare and to attend to the forest. 
There is no simpler, cheaper, nor more effective means 
for securing the mountain slopes and for keeping the 
pebble shoals down. In this respect, forests have incon- 
testably had a beneficial influence upon the floods of 
the large rivers. Beyond this however, no further meas- 
urable influence upon the high water of rivers can be 
credited to them. 

As regards the occurrence of high floods in the large 
rivers, the forests cannot have any noteworthy influence 
As regards the increase in the ground-water level and 
in the replenishment of springs the forests have, in the 
plains, no more influence than the open ground, and it 
is only in the mountains that this action can be rated 
at any higher figure. In the mountains, however, the 
main office of the woods will be to prevent the denuda- 
tion and erosion of the surface, the formation of detri- 
tus, and the silting up of the river beds with mud, sand 
and pebbles. 

Mr. Riedel, of Vienna, is very emphatic as to the ben- 
efits of forests He shows the terrible results which 
have been brought about by their destruction in various 
parts of Europe, and with reference to Germany, states 
that . 

*Extract from a paper on ‘“‘Conservation’’ by Prof. 
Geo. F. Swain, read April 28 before the National Asso- 
ciation of Cotton Manufacturers. 





In Germany also reasonable bounds were not every 
where kept to, and the effects of the progressing defo! 
estation made themselves apparent, on the one hand in 
carcity of timber, and on the other in the impoverish 
ment of perennial springs and the alarming lowering of 
the mean water level of German rivers, and not less so 
in a gradual increase in the dryness of the ground, 
caused by the fall of the level of the underground water 

The unquestioned circumstance, that a large number 
of rivers now carry down more loose material 
formerly, is a consequence of the extensive denudation 
and careless clearing of the plantations. Th« opes of 
the hills lose a large part of their fruitful soil, and in 
many cases earth slides, and even extensive subsidence 
of whole slopes, take place, while considerable areas of 
ground in the valleys are smothered up and rendered 
useless 

The loose material which the tributary brooks carry 
into the main streams, ceases to be carried onward as 























the declivity becomes less steep and in consequence fill 
up their beds. The streams are then obliged to seek 
out new courses, by which the most fruitful ground i 
devastated and the whole bed of the valley is gradually 
transformed into a barren layer of loose stones Thi 
drawback affects not only the mountain dwellers, but, 
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in so far as the waters are not able to deposit their 


loose suspended material in large basins on the way, 
the population of the lower-lying fertile and well-tilled 
valleys also. Here the damages further include the 
circumstance, that, by reason of the often elevated po- 
sition of the river bed, overflow waters are very diffi- 
cult to get rid of 

Proofs of the foregoing, and especially of the last 
mentioned circumstance, are afforded by a large number 
of river valleys This condition of things is of impor 
tance in the cases of those river or ream channels 
which, by the formation of weirs, are to be made ser- 
viceable for purposes of inland navigation. Thus on the 
canalized Oder between Cosel and Breslau, properties 
which, though at a distance from the channel, lie at 
a lower level than the latter, are swamped to the most 
damaging extent. 

The foregoing is not intended to convey the idea that, 
previous to de-forestation, earth slid damages to 
river banks, and inundations did not té place, but it 
is intended to show, that since the decrease of the for 
ests all these disadvantages have increased to a serious 
ind disquieting degree. 


Mr. Lauda, of Vienna, 
heds of about the same area in Austria, one being 
much more heavily wooded than the other. He thinks 
high floods, 














ompares two similar water 


the forests may not exert much influence ir 


but concludes as follows: 


If now the final judgment on the subject of the influ- 
ence of forests on the regimen of streams be unfavora- 
ble to the forest to this extent, that there are denied 
to it certain of the properties attributed to it generally, 
it does not follow from this that it is necessary to op- 





pose the re-wooding of arid surfaces, the replanting of 
the basins of streams or the maintenance of plantations 
of trees The general utility of the forest i so well 





ettled, the extraordinary appreciation in which it is 
held, as a means of protecting the soil against land- 
slides, is so firmly established, its great advantageou 

pecially for the spring district, in holding back 
earth thrusts and reducing the amount of sediment car 
ried by rivers so important, that these reasons alone 
justify fully the greatest possible promotion of forest 
culture, 





Mr. Ponti, of Italy, seems to have no doubt that for- 
ests on steep slopes are useful in the interests of navi 


gation He says: 


In Sicily, the consequence of cutting away the forests 
on a vast seale in the province of Messina has been 
elso to raise sensibly the bed of the streams, and many 
of these beds are now above the adjoining fields 


Mr. Keller, of Austria, thinks that forests affect the 


regimen and discharge of rivers only to a slight extent 


except in mountainous regions, regarding which he says 


I 
However, there is no doubt that in many cases de 
forestation has contributed to the erosion of the moun- 
tains and to the deposit of the soil at their foot as 


also to an unfavorable change in the conditions of flow 
and drainage of the water This remark applies equally 
to the region of high mountain ranges as to the Medi- 
terranean basin. There also the formation of a cohe 


sive soil takes too long to make good the loss caused 
by a sudden shower. 
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I 1 
e effect of mountain forest but mong h con 
( he foiiowing 
(1) Fore form a beneficient factor, acting favorably 
he general abut e of water na ou y ind 
par on the upply of stre i ind river Tha 
i destruction of forests should be considered 
is hurtful and dangerou 
These extracts show that foreig es are una 
mou u to the benefit of forest upon mounta 
por he flow of rean he oO 
Fina lly, we have the experience es to 
guide u n tl problen Almo es oO 
Europe have learned by experience oOo V pre 
erve heir fore nm only a ource of bu 
the ere of navigation rhe French me 
) year Zo, enterec ipon a natior policy of ore 
and refore ion, perticularly n the 10un 
1 which h been continue ip to the | 
Up to Jan. 1, 1900, the state had acqu 1 
square mile for the purpose o ol 
Of this area, 440 square mile I 
Alps, 145 square mile n the cent: plateau and the 
Cevennes, and 44 square miles in the Pyrenees. The ex 
penditure has been as follows 
For acquisition of land S5.200,000 


For work of reforesting 4 KD ON) 
For work of regulating... , 2. 2,600,000 
Miscellaneous 1.600 000 

















oe | Lath anssicae ..... - $13,400,000 

\ fir here wa ea oppositio oO he re h 
Governme policy, o he part of the inhabitants o 
the mountain districts, and in 1864 there were riots i: 
ome place Thi opposition, however ha entirely 
ubsided, he inhebitants now cooperate heartily with 
the government, even petitioning to have it extend its 
Work, trie i some Ci 2s even giving portion of their 
inds oO mountain sides without compensation 
Other countries which are working out comprehensive 
plan for the protection of the forests at he head 
waters of mount streams are England i: 
zeriand Austria-Hungary, Norway, Swede 
Russia, Roumania and Japan. 

Let us not be discouraged, therefore, in our efforts to 
ecure governme! ‘ I impor 
it not be said of u have beer 





ence of but have 











dear experience the same _ lesson which they have 
learned and which we might have learned from them 
Let us also try to realize the enormous waste which 
going on in our ional resources, and aid by our 
uence nd example in putting a stop to 

And, finally le me call your attention to the fa 
ia n connection with this matter the engineer occu 
rie important positior As the man who directs 
the great sources of power in nature for the use and 
convenience of man, it should be his work to devise 
he means of restricting the waste of those resources 


The dependence of our prosperity as a nation upon the 


engineer as a professional man should be better realized 





Hi dvice should be sought in increasing degree the 

ition, the state and by the people In th way the 
benefi of scientific training and discovery will be di 
rected to this problem, and it is not impossible that 
new methods and discoveries may be brought to light 
which will largely reduce our enormous waste and make 
he prospects for our descendants more cheerful Most 
mportant, however, is it that we should at once check 
useless waste ind endeavor to realize that the demand 


of our duty to those who are to follow us are immed 


=< 
PHILIPPINE COAL was used during the fiscal year 
ending June 30, 1908, to a very considerable extent by 


Governme vessel Its efficiency is less than that of 


but its low price makes its use econom- 











is obtained from one mine in 
of which does not exceed at present 60 
} 








tons daily. It is hoped that in the near future the 
daily product will be increased by several hundre tons 
ind that the quality will improve as the mine is de- 
veloped. Adjacent to the mine the U. 8. Army is de- 
veloping another deposit which bids fair to produce 
irge quantities of very good coal. At Danao, near 


tal | 


and there are great hopes that 


12s been invested in the de 





Cebu, considerable 





velopment of coal fi 





the near future coal for most purposes will be pro 
duced in sufficient quantities to mee the demands of 





ocal consumers.—Annual Report of the Philippine Com 
sion for 1907-08. 

ee 
AND WHEEL-GUARDS 
street-cars in New York 








ity, according to an order j issued by the Public 
Service Commission For some parts of the city only 
wheel-guards ere specified, for others only fenders, and 
x” some parts both wheel-guards and fenders. Draw- 
ng ind pecificati of the devices which the com 





panies desire to install must be approved by the Com 


mission, and the devices must be installed within a few 
months 





The White Man’s Burden in the Sanitation 
of Manila.* 


























ely ere ha een considerable disposition to make 
omparist between the city of Manila and the modern 
we reg ‘ f ! United States Surprise is 
expressed that the cleaning of the esteros, the draining 
of certain large ¢ ct and the general sanitation of 
e « ot bee ( True, there con- 
¢ ble ! work in Manilla, but the 
ur lay be 1 of any large city of the world more 
n 50 years ¢ Wt ee to be forgott that 
Munila cover rea of more than 12 square mi m« 
of it only a few fee ibove tide water, that the city is 
ome enturie d, and that its drainage, the raising 
of leve ind the orre« yn of its sanitary defects 
an hardly be accomplished between two days. 
The Ame in Government has been in the Philippine 
more than ten years, some three of which were 
devote 0 warfare and the suppression of public di 
de Before damnit the government because every- 
I gz } ni ¢ done, n be advisable to stop 
moment and compare the condition of Manila on Aug 
13, ISOS, with its condition on June 30, 1908 Prior to 
Americar ipatio Manila never had a sewer system, 
eve 1 r ystem, never had adequate sup- 
ly of potable water, nor any supply, until Carriedo, a 
oble S I fur hed the me to construct the 
\ t Sy I l 1 t 








ind that wa 
long time ago—until the year 142 the filth and nasti 


way into the moat or 


me that Manila was a 














) f Ss that me through the city 
From time mmemorial un ome six years ago the 
f of the nipa districts, which cover a large area, was 
‘ ¢ ¢ ‘ he dwelling or « sly dis 
( e neighbe z | iscape 
As a temporary me ire of relief from these conditions 
I heds were constructed in 76 different 
ioca es il i Systen was established No one 
c onsidered these measures as anything but tem 
porary; and every e knows, or should know, that no 
dequate or permanent reli¢ in be expected until a 
ple 1 1 of fresh wate brought to every door 
1 a prope ewer al dra ge system has been fur- 
she to M 
One of the very first works undertaken under the 





me was the preparation of plans for an 





dequate supply of fresh, clean water and the construc 
) of n € ew svstem 
he Ph e government is the poorest in financial 
esource l| the governments of the civilized world 
net revenue for the fiscal year 190S for all insular, 
rovincial and mut pal purposes was $1.91 per capita 


Porto Rico, Bulgaria, Servia, all have more money per 


Compared with the insular 








govert Cuban Government is a millionaire ten 
ne ove 
erthele he ZED of the Philip- 
pines ke ‘ ens an other countries, 
dis ‘ k fo ll and classes of public 











men which cost money and plenty of it. When 





asked to pay the ixes necessary to meet the cost, how- 
ver, he free 1 denunciation of the tax as 
Ww of the ck of the improvement. Every measure 
has been undertaken for the protection of the health 








n against contagious dis- 
eases has been | y fought, opposed, and resisted by 


hose for whose benefit the measures were primarily in- 





man who has been charged with 




















responsibility for the pub health has been compelled 
o walk u to his goal over the thorny road of 
criticism, de i calumny. No health ordi- 
e me ( te he people from disease and con- 
tagion has been proposed but that a concerted attempt 
o emasculate and destroy it has been initiated by the 
ve people most to be advantaged by its passage 
Even a i the st session of the Philippine Legis- 
] re a determined effort wz made to do away with 
he health « f the ci Manila and to reduce 
he number of me men are charged with the 
luty of remedying, as far as possible, unsanitary condi- 
ons and unsanitary methods of living. 


Every endeavor to oblige the property holder to tear 


down the squalid hovels used as habitations by the poor 














1 to erect decent buildings of light materials for his 
e! S bec ubbornly resisted and made the sub- 
‘ f denu and mountebank, 
who found the political capital. 
s ry measures, sanitary information, regulations 
for the uppre on of epidemics, respected throughout 


the scientific world as founded on sound sense and right 














reason, have been combatted, opposed, and denounced as 
foolish in the Philippines The creation of public parks, 
he tenance of beautiful lawns, the establishment 
of breathing place for the people, and the purchase of 
land f hese | voses have been condemned as wanton 
extravag e and es a woeful waste of the public moneys. 
The demagegue and the conscienceless politician have on 

’ he Report of James F. Smith, Governor-General 
of 1} ippines, in the Report of the Philippine Com- 
n ion to the Secretary of War, 1908 











countless occasions demanded the resignation of tt 


rector of health, and the secretary of the interior wt 








they sought to enforce well-recognized and establishe 
Sanitary measures And now they are no less vigorou 
in joining the outcry becat holera has not been suj 
pressed in a few days, a wh has existed i 
the Philippines and in the of Manila shown by 








the records, since the year 1Sl7—a d 5 
whose existence was frequently denied by these very 
same demagogues and political hacks in the teeth of the 
declaration of able doctors and able scientists, respected 
for their 


for the learning and attainments everywhere except in 


the Philippines 





The bureau of health, the municipal bo ind the 
department of sanitation of the city of M have ¢ 
countered the same Opposition here to eaith measure 
which is offered to modern sanitation in every orient 
country with the exception of Japan: end that these de 





partments of the Government have accomplished so much 
for the heal 





th of the city and the betterment of sanitary 


conditions entitles them to the highest commendatio 





and praise. If things have been left they have 


been left undone because 





plished at once. If there ce here n 
there in the inspection of h be a 





tributed rather to the personal equation than to 


petency of important departments or bureaus 





departments and bureaus of the Government are en 


titled to be judged by the results achieved, and he is 





indeed a lying critic who will say they have eccom 
plished nothing. 

The reduction of the death rate in the city of Manila 
the keeping of the cholera within bounds whenever 


has made its appearance, the stamping o of plague, the 





reduction to reasonable proportions of smallpox, which 
in IS9S wes almost a common disease, say something fot 
the men and the officials who have labored so earnestly 
and so efficiently in the face of great difficulties and 
without the hope of even common gratitude 








A POWDER MILL EXPLOSION in the glycerine pack 
ing house of the Potts Powder Co., at Reynolds, Pa., 
Apri] 29, caused the death of four men. 

a ee 

A TRAIN OF DUMP CARS IN PANAMA was wrecked 
May 1 on the Gold Hill section of the canal 
workmen were killed The accident is 
release of the brakes before the locomotive was coupled 
to the cars, which rolled backward downgrade and, leay 








ing the track, fell to a lower level of the cut 


A MOST DESTRUCTIVE WIND STORM, first reported 


in Kansas April 28, swept southeezst through Arkansas, 


igh 
western Tennessee and northern Mississippi and passed 
2. 


ailion 





out to sea off the coast of Georgia May 1 In 
to an immense property loss, the storm caused the death 
of about 200 persons in the states named. 

High winds in Missouri, Indiana, Wisconsin, Illinois 
and Ohio April 29 and 30 did considerable damage to 
buildings and many deaths were reported Six persons 
were killed by the storm in Pittsburg, Pa., April 30, and 
several buildings were unroofed in Philadelphia on May 1. 


a 
+> 


THE PATHFINDER DAM, which has been under con 
struction on the North Platte River, Wyoming, since 
September, 1905, was completed on May 1, 1009. The 





dam was built by the U. S. Reclamation Service, with 
the Geddis & Seerie Stone Co., Denver, Colo., as con 
tractors. The dam is a concrete-rubble arch, 215 ft 
high, built in so narrow a gorge that its top length is 
only 500 ft. The dam impounds water from a drainage 
area of some 12,000 sq. mi., in Colorado and Wyoming, 
and forms a reservoir with a capacity of 1,025,000 acre 
ft., or 8,000,000,000 gals. The dam is named afte 
Capt. John B. Fremont, the pioneer and explorer, who 
lost his equipment at this point while trying to pas 
through the gorge in a _ boat Over 250 miles of the 
old ‘‘overland trail’ to the California gold fields passed 
through the area included in the North Platte Project 
as the irrigation works which include this dam are 
called A railway now extends the entire length of the 
project area, The accompanying comparative figures 
relating to the Pathfinder Dam and three large eastern 
dams, have been given out by the U. S. Reclamation 
Service (F. H. Newell, Director; A. P. Davis, Chief 
Engineer), 








Storage 


















Height, Length, Contents, Capaci 

Dam. ft. ft cu. yds. Cost. acre-f 
Pathfinder .... 215 BD 60,400 $1,200,000 1,025,000 
Wachusett .... 228 971 273,000 26,000 192,000 
New Croton... 207 1,072 833,000 7,631,000 92,000 
Ashokan ..... 220 *4.800 a7,900,000 12,.700.000 368.000 





aQ00,000 cu. yds. of masonry a 7,000,000 of earth 
*Masonry, 1,000 ft., and earth work, 3,800 ft. Thi 
dam is now under construction by the Board of Water 
Supply, New York City. [The new Croton Dam was built 
by the Croton Aqueduct Commission, for New York 
City, and the Wachusett Dam by the Metropolitan 
Water and Sewerage Commission, for Boston and vi 
cinity.] 








Articles on the Pathfinder Dam were published in our 


issues of Aug. 10, 1905, and Oct. 29, 1908. 
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4 TENEMENT HOUS FIRE on Spring St n New 
York City \ 1 20, resulted in e death ix of the 
\ t Ire under eig years of age rhe 
suilding w five ory ructure WwW ore on he 
I loo The fire was of incendiar origin and pread 

pidly owing to the ke ene flung abou he halls by 

e ince rit he fire ributed t he Italia 

Black H 

— ~ - 

THE SPOKANE, PORTLAND & wa 
pened for ransportationr May 3 , ae 
ording yan announcemer ied by the Northern Pa 

fic through trains were placed operation over 
he W oO between Spokane and Portland The con 

ructio of this railway, which was former! known a 
he Port wl & Seattle Ry Wa lescribed in Engineer 

gy New for Feb. 13, 1100S 


——— ° 











RAILWAY CONSTRUCTION IN CANADA lh ISSS 
Canada had open for traffie 12,200 miles of railroad line 
In 10S there were being operated +O) mile of line 
yu g ose JO yea the Dominion Parliement eg ited 
MVS ¢ rte zing some O34AM) mile This doe 

ot nelude charter gTanted 1e four irge Canadian 
companie the Canadian Pacific Grand Trunk, Gran 
Prunk Pacific und Canadian Northern Of he ota 

umber of companies orporated only 25 have ¢ 

ucted I ortion o e line uth d and St char 

ers have ipsed Of the remainder SS have been given 
one extension of time 42 have received two extension 
ind IS 1 t eceived three or more exte ion Since 
linn, TNT rarte have bee vrante ver gy JOO 
niles, of which only 400 miles have been constructed 
while he four big companie have bu iim $i) 
mile the ime period It looks very much és if in 
depende roads are not likely to be encouraged by the 
jominion Governme! at future session: 
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MULTI-DOOR CARS IN THE NEW YORK SUBWAY 
t ng owly An eight-car train bui vecord 
o Mr. B Arno! proposal with separate en 
e and ex door it each end of e car was tried 
ome re y e resu Ww i pronounced 
ts ie Of Opi ma o whether or no t had proved 
t t rhe engine the Public Con 
) erte it W highly sucee e the 
ffici 0 he Interborough Rapid T1 o. claimed 
he ! rove ilur rhe omy y had cor iu 
ly mail ed d hostility to any iggestion 
or 1 t o n th I Afte it here 
t ore 1 ol hat he official 
fixed P rial. by various easy eV ha 
u 0 gree iit ew, delaying the trial train 
uly so » give he benefit of abnormal crowds a 
the itio ete the Public Service Com 
! fte he to order the general in 
roductio of dk rhereupo he Inter 
orough Rapid 7 s Co. made a reque for perm 
on » try other style of mult oor Ca ely 1 car 
with a or he middle of the side cle he ex g 
end oO (one oor i each end of le) rh re 
jue wa ited hough prior to th he center door 
had been de ired mos obje onable be ‘ me of 
he Oo ) form re wated o harp urves \ 
iin of ent e-door ¢ was and w pu 
into trial Vice week I operation differ in one 
npor from th of e Arnold yle of ca 
ie Jatter was planned f absolute sepal oO f leaving 
d ¢ ri " enger one door be gz re r ed to usé 
eX 1e othe entrance while he ce € e-dootr 
car is in with a hree 00 ervice as both en 
rance ex 
Anothe pecul eature of the rapid-trans uation 
n New York h he Interb« vany has re 
cently ] ed large dvertiseme daily new 
papel under such captions Choke he Sub- 
vay The burden of the advertisements is the plea that 
hey should be euthorized to build additional subway 
ne ind a third track on one of the elevated line The 
la iamed den 1 has been made repeatedly ever since 
he consolidation of the elevated railway (Manhattan 
Ry.~Co.) company, whith origi 
illy ope! The dem has regu 





strong opposition to it. 





\ propo on the pa f another 
com y has bee before the 
st Ome mie 








HIGH WATER IN LAKE CHAMPLAIN interrupted 

iff on the Rutland Ry. embankmet hroug the 

ke be ‘olchester and South Hero, Vt on Apr 
raged id ru orth through the lake by way 
of G Isle, the wate retches being crossed by rock 
ind eartl € benkment The washou flected tne 
outherly one of these lake crossings rhe lake is re 
ported to have reached close to the it evel pre 





known. Heavy snowfall last winter in Vermont 
Adirondack region he 


t month 


yiou 





and the been melting rapidly in 


BITUMINOUS GAS PRO 
nghouse Ma 
combined 





T OF A 
April 3 by the Wes 
efric 


MONTH T 


completed 


A 12 
ducer wa 


which shows a very good ency 




















with remarkable ir prevention The test was con 
ducted with a HP. producer and gas engine rhe 
peri 0 velve months was devoted to tests of from 
one Oo four week duration with the producer in opera 
on both 10 and 24 hou per day r 
neluded P urg ick and run-of-mine, 
Texa South America and northern Colorado, peat and 
other fue om various parts of the country In most 
c he load on the equipment was maintained 
rating One pecial test iowever, of 144 month 
W made with the producer inding idle to 
e accurately he stand-by loss 
drawing of the fires after one year of continuou 
ion was made the occasion of a demonstretion be 
re government official and = ¢€ neer interested in 
b nou ga practice Although the producer had 
























































u been running for one month at full load on Pit 
bi coal, there was no trouble in drawing the fire 
1@ revson that large clinke formations were entirely 
absent The producer lining was found intact 
parently 1 conditic for indefinitely continued 
rhe mo important feature demonstrated 
practically entire absence of ul n the 
cle ed examination wa made of 
fron he oducer house o the eng 
wa ind n spite of he ong period of operation 
here were no depo of tar or lempblack in the pipe 
I t h this piping had not been before exam 
ied during the present test, nor for about 1% years of 
reviou: roduce expe nentatior \ milar examina 
n of the mixing ad le Valve of the engine showed 
practica 10 deposits of ir or lampblack such as 
vould interfere with operation 
The plant tested use no tar extractors, but so de 
gned ha no t After leaving the pro 
ee he g 1 throug a static washer 
moderate ize ie usual coke scrubber i 
eliminated rhe gas is draw from the fuel bed by a 
rotary exhauster which delivers it to the engine at a 
efi e pressure The regulation of the producer 
oad veriatio ‘ ely automa ind no gas holder 
used 
The various fuel uccessfully gasified during the test 
ive un i high a M4 mo volatile, 15 
ind 1 sulphur rhese | are the maxi 
ti for he respe ve on uent not, of course 
concur in any one fue The ash is fairly clean, analyses 
of onel i es havin shown that from 1 038 
he i ombustible in the oal ¢€ apes in the ash 
rhe g roduced ha a moderate heat value and i 
u n di cle Average scmple howed no more 
~ to .OS grains o purities per cu. f rhe 
esu of the test indicate that, with such coal as Pit 
be lack ot ne, an over-a economy of 1.1 
b t B an be secured This is equivalen o 
about 0.9 Ib. per I. HP It is stated, moreover hat the 
oO not vary by more than 10 
from 
Plants of this type are already on the marke one 
iving been in successful operation for over six month 
mg orado re é oO ind s a result of the vo 
able o ome he ¢ 1 ompletec i Westing 
house company g prepar 0 for heir exten 
ve manu ire 
——— 

OF A “SIROCCO” MINE FAN A te Ww re 
ently made of the Sirecco’’ mine fan led on the 
No. 6 1 of the Glamorgan Coal Co. at Lliwnypia I 
wa rrie 1 inder he ersonal perv yn of the 
eneral manager « Leonard Llewelly 
with trume i for the casion 

fal ( the 11 ft. S ins. in 
mete ind direct coupled to a three-phase motor 
of the B h-Thomson-Houston manufa € rhe fig 
ul give esen the verage of three test 
peed of fan and moto 9838 Fr. DP mM 
\ er-gagt n fan I 6 in 
Water-gage na drif 6 i 
Averag velocity 0 1S42 ft. per min 
Area of 1S4.¢) oe 
Volume rf It HOLOR ft. per 





moto 
moto 9 cent 
1 fan-shat 
mn air 
ff enecy of S2.4 en 
ha | efficiency of far 
TH.6 pe cen 
l i worthy of < ri l he fa \ e o 
n ! rs he water ize n the w he unning 
t h w per heral eed of 6.705 ft per m En 
gineering Londot April 16 
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New York $853,696, 952 
soston $22,077 124,432,977 
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went to Fitchburg and was there engaged in pri- 


prat ‘ intil in February, 1875, he was elected to 
he po on in which he remained up to the time of 


k, Assoc. Am. Inst. E. E., Electrician, 





U. S. Recla Service, Salt River Project, Roosevelt, 
Ariz , t May 3% in the 490-ft. sluicing tunnel 
Report tate Mr. Demrick and an assistant had entered 
he inne! from below the dam when some one oper- 
he innel gate admitting water from the reser- 

voi which swept the two men out of the tunnel into 
ver below The assistant escaped without serious 

injur’s Mr Demrick was born at Roseville, Mich., in 
ISGS and received the degree of B. S. in E, E. at the 
Unive y of Michigan in 184 In the same year he 
t t with Field & Hinchman, Engineers 
Contractors, Detroit, Mich., but left that company 

1805 to become Superintendent of Scott Bros. Elec- 

il Co. in the same city. From 1897 to '99 he carried 

on electrical contracting business in Detroit under 
the firm name of A. H. Demrick & Co. In 1899 he be- 
\ tant Engineer with Gilbert Wilkes, Consult- 
Engineer, in Detroit, and in 1901 he went to Den- 

er, Colo Consulting and Estimating Engineer of 


Gilbert Wilke & Co., Engineers and Contractors. He 
rem ed in this position until 1904, when he was ap- 
inted to the position which he held at the time of his 


Mace Moulton, M. Am. So Cc. E., whose death in New 





York City April 27 was noted briefly in our issue of 
, Was born at Manchester, N. H., in 1855. He was 
with the degree of C. E. from the Thayer 
School of Civil Engineering of Dartmouth College in 
IS7S He then entered the office of Mr. H. Bissell, Chief 
engineer of the Eastern R. R. Co. in Boston. In March, 
i), he entered the office of C. Shaler Smith, the noted 
bridge engineer, with whom he was connected until 1883, 

he became Principal Assistant Engineer of the 
Edge-Moor Iron Co., resigning in March, 1885, to become 











Chief Assistant Engineer of the superstructure of the 
Kentucky & Indiana Bridge at Louisville. From 1886 
ST he w ineer of Bridges and Buildings of the 
Colorade Midland Ry., and from 1889 to °91, Consulting 
Engineer of the Berlin Iron Bridge Co. From 1891 to 
SST he w in the Engineering Department of the R. F. 
Hawkins Iron Works, being Chief Engineer and Manager 
ring the last year. From 1897 to 1904 he was engaged 
private practice in Springfield, Mass., and from that 


until his death, had a consulting engineer’s office 

New York City During this time he had charge of the 
reinforcement of the piers and superstructure of the 
bridge acro the Hudson at Poughkeepsie, whereby its 
strength was more than doubled. On Jan. 1, 1908, Mr. 
Moulton became President and Chief Engineer of the 
Milbreok Co., New York, Westchester & Boston Ry. Co., 
New York and Portchester R. R. Co. and allied com- 
par 1e occupied this position up to the time of his 





Engineering Societies. 


COMING MEETINGS. 
AIR BRAKE ASSOCIATION. 
May 11-14. nnual meeting at Richmond, Va. Secy., 
F. M. Nellis, 53 State St., Boston, Mass. 
AMERICAN FOUNDRYMEN'’S ASSOCIATION. 
May 18-20. Annual meeting at Cincinnati, Ohio. Secy. 
Richard Moldenke, Watchung, N. J. 
AMERICAN RAILWAY ASSOCIATION. 
May 19 Annual meeting at New York City. Secy. 
W. F. Allen, 24 Park Place, New York City. 
NATIONAL FIRE PROTECTION ASSOCIATION. 
May 25-27. Annual meeting at New York City. Secy. 
W. H. Merrill, 382 Ohio St., Chicago, III. 
NATIONAL ELECTRIC LIGHT ASSOCIATION. 

June 1-4 Annual convention at Atlantic City, N. J. 
Secy., W. W. Freeman, 29 West 39th St., New York 
City. 

I 








AMERICAN WATER-WORKS ASSOCIATION. 

June 8-12 Annual convention at Milwaukee, Wis. 

Secy., John M. Diven, 14 George St., Charleston, S. C. 
AMERICAN RAILWAY MASTER MECHANICS’ AS- 
SOCIATION, 

June 16-18. Annual convention at Atlantic City, N. J. 
Secy., Jos. W. Taylor, 390 Old Colony Bldg., Chi- 
cago, Ill 

MASTER CAR BUILDERS’ ASSOCIATION, 

June 21-23. Annual convention at Atlantic City, N. J. 

: Jos. W. Taylor, 39 Old Colony Bldg., Chi- 


TIONAL RAILWAY FUEL ASSOCIATION. 
un -23. Annual meeting at Chicago, Ill. Secy., 
D. B. Sebastian, C. & E. I. R. R., 327 La Salle Sta- 
tion, Chicago, Ill. 
ASSOCIATION OF RAILWAY TELEGRAPH SUPERIN- 
-NDENTS 


YENTS. 








23-25. Annual meeting at Detroit, Mich. Secy., 
P. W. Drew, Wisconsin Central Ry., Chicago, III. 
AMERICAN INSTITUTE OF CHEMICAL ENGINEERS. 
June 24-25 Semi-annual meeting at New York City. 
Secy., J. C. Olsen, Polytechnic Institute, Brook- 
lyn, N. Y. 
AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS 
June 28. Annual convention at Frontenac, N. Y. 
Secy., Ralph W. Pope, 33 West 39th St., New York 
City. 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
June 29-July 3. Annual meeting at Atlantic City, N. J. 








of Pennsylvania, 


\MERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS. 





SOCIETY OF CIVIL ENGINEERS.—A spe- 














the substitution of electricity for steam in the operat 





“Engineering Difficulties of the Virginian Ry.,’’ 








Baird Halberstadt, 





“The Manufacture ¢ 














AMERICAN PEAT SOCIETY.—A meeting 


The meeting is intended to arous¢ 


commercial development 


Among the papers 
h “Production of Am- 
Herman C. Woltereck, London, Eng.; 





Department of Agri 
“Present Status of Peat Gasifying with Recovery 





They shall be persons of osition interested in 
3 I I 





pound and one shillin 





WESTERN RAILWAY 


April 20, a paper was 


power department and of the men on the engines due to 
coal which makes clinkers and fills the firebox with ashes. 


re caused by the excessive percentage of ash, although 
the coal may be of high heating value He then de- 
ribed some te 





he had made with coal having various 
percentages of ash under a stationary boiler. With 40% 
of ash, there was no water evaporated and the effi- 
ciency was zero, although the fuel contained 60% of coal. 





The tests were of interest in themselves and as relating 








to ttionery boilers, but it was shown in the discussion 
tk he conditions were very different in locomotive 
boil As shown by a paper on locomotive fuel in 
ou e of Feb. 25, it is the character rather than the 





quantity of ash that is important in this case. Thus 


a coal that contains 6° of ash that makes clinkers may 





e inferior as fuel to a coal containing 15 of ash that 
loes not make a refractory clinker. 

AMERICAN FOUNDRYMEN’S ASSOCIATION.—Among 
he papers to be presented at the convention in Cin- 
cinnati, May 18-20, are the following: 

May 19.—“‘The Cost of Steel Melting in Foundries,’’ 
Bradley Stoughton; ‘‘The Side Blow Convertor for 
Steel Castings,’’ J. 8S. Whitehouse; ‘“‘Open Hearth Methods 
’* W. M. Carr 


nace Construction for Malleable Ca 


eel Cas 





“Notes on Air Fur- 
stings,’’ W. H. Kane; 
“The Use of Pulverized Coal for Foundry Purposes,”’ 
Richard K. Meade; ‘‘Continuous Melting in the Foun- 
dry of the Westinghouse Air Brake Co.,’’ S. D. Sleeth; 








The Permanent Mold,"’ Edgar A. Custer; ‘‘Pyrometry 





ig Room,” S. H. Stupakoff. 
May 20.—‘‘A Comprehensive Foundry Production 
Telly,’’ C. E. Knoeppel; ‘‘Foundry Costs,’’ B. C. Frank- 


The sessions will be held jointly with those of the 
in Brass Founders’ Association, which will add 
program a number of papers, among which are 
Patent Situation in the United States 


by C. H. Clamer; 


Respecting 
trolytic Assay of Cop- 
per by Geo. L. Heath, and ‘‘Tensile Strength of Zinc- 
Aluminum Alloys,’’ by W. D. Bancroft. 








AMERICAN SOCIETY OF ENGINEERING CONTRAC- 














rORS \ permanent organization was effected at meet- 
zs he Engineering Societies l in New 
York City, April 14 and 15. On the latter date a con- 
1tio wa pied and officers were elected as fol- 

ow Preside » W. Jackson, Chicago; First Vice- 
President, Ha P. Gillette, New York; Second Vice- 
President, D Baxter, New York; Temporary Secre- 
1 J. Hauer, 721 Park Row Bldg., New York. 
Corporate members must be engineer contractors or 
manufacturers of engineering materials or equipment 
who have been engaged in these lines for at least seven 
years, a degree from a technical hool counting as two 
years’ experience. The constitution provides also for 


sociate members. The present membership is about 
1,500 The constitution gives as the object of the so- 


ciety the advancement of engineering knowledge and 





practice, the maintenance of a high profes- 
sional standard among -its members, the elimination of 
undesirable practices and abuses now € the en- 
thening of 
the bond between engineers and contractors. Monthly 
will be held beginning in the fall. 





gineering contracting business and the 


2RN SOCIETY OF ENGINEERS.—At the meet- 

at the society's rooms in Chicago on April 21, 
a paper on “Protective Coatings for Structural Material’ 
was read by Mr. Robert S. Perry, of Philadelphia. He 
discussed the causes of corrosion, the relation of the 
quality of metal to electrolytic corrosion, and the in- 


fluences and properties of various materials used in 











manufacture. He also described, and demonstrated, 
an accelerated test for determining 





ie protective quali- 
This is intended for the benefit of en- 





gineers, architects and paint users, and makers gen- 
erally in cases where extended laboratory tests are not 

The paper gave rise to considerable discussion, some 
of which was rather foreign to the subject. Mr. W. H. 
Finley (C. & N. W. I 


the greatest trouble 


y.) said that in railway structures 
rom corrosion is due now to the 
dripping of brine from refrigerator 


> 
t 
cars, and no satisfac- 
tory protection against this has yet been found. He con- 
no protec- 
is to have steel of good 








id that linseed oj] alone offers little or 


tion. One very important matter 





ity, as impurities in the metal have a strong relation 
to the corrosion He suggested also that the protection 


and steel from corrosion should be made the sub- 


discussion at a later meeting. 





H. Warder did not consider that ordinary < 
phalt paints were a good protection for steel, but men- 
tioned a case where entire bridge members had been 
immersed in a bath of hot asphaltic composition. Mr. 
Finley considered that the hot asphalt coating would be 
effective if the metal was brought to the same tempera- 
ture as that of the bath. Mr. Lowe thoughi that for 
steel work the more coats of paint the better, up to a 
maximum of five coats. He also suggested that better 
results would be obtained if each coat was left for a 
month before applying the next coat. Mr. F. H. Bain- 
bridge exhibited a sample of a wrought-iron bar that 
had been submerged in the Mississippi River for some 45 
years, and showed no signs of corrosion when recovered 


(Engineering News, Aug. 6, 1908.) 












































